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@ Nltrogen^ontalnlng prostacyclin analogues and compositions containing them. 

® Novel structural analogues of 5.6-dihydro-PGI,, of the for- 
mula: 




wherein X-Y-Z and A-CR2-R3 are prostaglandin-based 
|S side-chains, and the corresponding 10.11-didehydro-11-de- 
|^ oxy derivatives, can have utility as anthaJlergy agents 

o 
o 
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NITROGEN-CONTAINING PROSTACYCLIN ANALOGUES AND 
COMPOSITIONS CONTAINING THEM 

This invention relates to novel nitrogen-containing 
prostacyclin analogues which can have pharmaceutical 
utility and to compositions containing them. The 
compounds have been found to have pharmaceutical utility. 

5 Prostacyclin is an endogenously produced compound 

in mammalian species, being structurally and bio- 
synthetically related to the prostaglandins. Nicolaou 
etal, J.A.C.S. 101 (3) (1979) 766 disclose 6, 9-pyrida- 
zaprostacyclin and its derivatives dihydropyridazaprost- 
acyclin and N-oxides thereof. U.S. Patent Specification 
No. 4,112,224 discloses bicyclic nitrogen-containing 
prostaglandin" analogues. 

German Of f enlegungs schriften 2 909 361 and 2 940 746, 
European Patent Publication No 15227, U.S. Patent 

15 Specification No. 4,097,489 and Bundy etal, Tet. Letters 
16 (1978) 1371-1374, disclose 9-deoxy-9a, 6-nitrilo-PGF 
or 6 , 9a-imino-PGP compounds. 

European Patent Publication No. 29341 discloses 
compounds of formula A 
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R'i-K p-X'-Y'-Z' 

L r 

Formula A 
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wherein z' is (a) -C0 2 R' 8 wherein R'g is a pharmaceutic- 
ally acceptable metal or amine cation, hydrogen, Q. 
alkyl, phenyl, phenyl substituted by 1 to 3 substituents 
selected from chlorine and alkyl groups, 

or phenyl substituted in the para-position 
with -NHC0R' 1()/ -COR' n , -0C0R' 12 , or -CH=NNHC0NH 2 
wherein R' 1Q is methyl, phenyl, acetamidophenyl, benz- 
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amidophenyl , or amino; R' u is methyl, methoxy, phenyl or amino; and 
R' L2 is phenyl or acetamidophenyl ; 

(b) -C0NR' 13 R' l4 wherein each of R' 13 and R l ltf is the same or 
different and is hydrogen, an alkyl group having from 1 to 6 carbon 
atoms, phenyl or benzyl; or 

(c) -CH 2 0R* 5 wherein R' 5 is hydrogen, a straight or branched 
alkyl group having from 1 to 6 carbon atoms, benzoyl, or acetyl; 

wherein Y l is -CH 2 CH 2 -; or trans-CH=CH-; or -CH 2 CF 2 ; 

wherein X 1 is -(CH 2 ) n - and n is 2 or 4; 

wherein R\ is hydrogen, a straight or branched alkyl group 
having from 1 to 4 carbon atoms, a cycloalkyl group having from 3 to 7 
carbon atoms or 



wherein K' is a straight or branched alkyl group having from 1 to 3 
carbon atoms, fluorine, chlorine, trifluoromethyl , methoxy, phenyl, 
-C0 2 R' a wherein R' B has the meaning defined hereinabove, or -CH 2 0R' 19 
wherein R' ly is hydrogen, a straight or branched alkyl group having 
from 1 to 6 carbon atoms, acetyl or benzoyl; and m r is zero to 3 with 
the proviso that m 1 is 1 when K' is -C0 2 R' lJ , -CH 2 0R' 19 or phenyl; 

wherein P* is hydrogen, hydroxy or hydroxymethyl , i.e., -CH 2 0H; 

wherein A* is -CH 2 CH Z -, cis- or trans-CH=CH; or -ChC-; 

wherein R' 2 is H,H; =0; a-R ^ ,3-OR ' 2 ^; or a-OR ^5 ,5-R \ wherein 
R\ is hydrogen or an alkyl group having from 1 to 3 carbon atoms, and 
K'zs is hydrogen, methyl, or acetyl; and 

wherein R' 3 is cis-2-pentenyl , -C (R \ ) (R ' 7 )-B l -E * or 
-C(R l ii )(R , 7)C q , H 2q , "CH3 wherein B' is a bond, oxa, or an alKylene 
moiety having from 1 to. 6 carbon atoms; E 1 is 




m 
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wherein each of K ' and ra' has the meaning defined hereinabove; q' is 1 
to 4; and each of R' 6 and R' 7 is hydrogen, fluorine or an alkyl group 
having from 1 to 4 carbon atoms with the provisos that when R' 6 is 
fluorine, R' 7 is either hydrogen or fluorine, and when B 1 is oxa, each 
5 of R* 6 and R' 7 is other than fluorine; and pharmaceutical ly acceptable 
salts thereof. 

European patent application number 29341 corresponding to if pro 
fflmtiono d U -S. application serial number 159,738 was published on 
May 27, 1981. 

10 SUHMAflY Of TIIC IHVCHTIO H- 

This invention provides compounds of Formulas I and II below: 
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30 



35 



R^N 1-X-Y-Z 




Formula I 



X-Y-Z 



Formula II 



The present Invention provides compounds of Formulas I and II 
wherein the various substituent groups Z, Y, X, R lt A, R 2 and R 3 and P 
25 1n the case of Formula I have the meanings defined herelnbelow: 

wherein Z is 

(a) -C0 2 R a wherein R„ is a pharmaceutical ly acceptable metal 
cation, hydrogen, a straight or branched alkyl group having from 1 to 
6 carbon atoms, phenyl, phenyl substituted in any position with from 1 
to 3 substltuents selected from chlorine or a straight or branched 
alkyl group having from 1 to 3 carbon atoms, or phenyl substituted in 
the para-position with -NHCOR l0 , -C0R n , -0C0R 12 , or -CH=NNHC0NH 2 
wherein R 10 is methyl, phenyl, acetamidophenyl , benzamldophenyl , or 
amino; R u is methyl, methoxy, phenyl or amino; and R l2 is phenyl or 
acetamidophenyl ; 

(b) -C0NR u R u wherein each of R u and R u is the same or 
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different and is hydrogen, an alkyl group having from 1 to 8 carbon 
atoms, phenyl or benzyl; 

(c) -CH z 0R 5 wherein R 5 is hydrogen, a straight or branched alkyl 
group having from 1 to 6 carbon atoms, benzoyl, a straight or branched 
alkanoyl group having from 2 to 5 carbon atoms, tetrahydropyranyl , 
trimethylsilyl , tert-butyldimethylsilyl , or 




wherein K is a straight or branched alley! group having from 1 to 6 
carbon atoms, fluorine* chlorine, bromine, trifluoromethyl , a straight 
or branched alkoxy group having from 1 to 4 carbon atoms, phenyl, an 
alkanoyl group having from 2 to 5 carbon atoms, an allcanoylamido group 
having from 2 to 5 carbon atoms, nitro, or 

(i) -C0 z R a wherein R a has the meaning defined hereinabove; 

(ii) -CH z 0R lg , -0R 19 , or -SR 19 wherein R L3 is hydrogen, a 
straight or branched alkyl group having from 1 to 6 carbon atoms, an 
alkanoyl group having from 2 to 5 carbon atoms, benzoyl, benzyl, 
trimethylsilyl, tert-butyldimethylsilyl or tetrahydropyranyl; or 

(iii) -NR 20 ^zi wherein each of R 20 and 1S the same or 
different and is hydrogen or an alkyl group having from 1 to 6 carbon 
atoms ; 

and m is zero to 3 with the provisos that when K is phenyl,. -CO^Ry or 
-CH 2 0R 19 , m is 1, and when K is -0R 1 c, or -SR 19 , m is 1 or 2; 

(d) -C II ; 
N-N 

wherein Y is -CH 2 CH 2 -, cis- or trans-CH=CH-, or -CH 2 CF 2 ; 
wherein X is -(CH 2 ) n wherein n is 1 to 5; 

wherein R L is hydrogen, a straight or branched alkyl group having from 
1 to 6 carbon atoms, a cycloalkyl group having from 3 to 7 carbon 
atoms, a bi cycloalkyl group having from 6 to 10 carbon atoms, or 
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wherein b is zero or 1, and each of K and m has the meaning defined 
hereinabove; 

wherein P is hydrogen, ~0R S or ~CH 2 0R 5 wherein R 5 has the meaning 
5 defined hereinabove; 

wherein A is -CH 2 CH 2 -, ds- or trans-CH=CH- or -CsC-; 

wherein R 2 Is H,H; =0; a-R^p-OR.- or a-ORg.a-R., wherein R 4 is hydro- 
10 gen or an alkyl group having from 1 to 4 carbon atoms, and R 5 has the 
meaning defined hereinabove; and 

wherein R 3 is cis-2-pentenyl , -C(R 6 )(R 7 )-B-E or -C(R 6 ) (R 7 )C H 2 -CH 3 
wherein B is a bond, oxa, or an alkylene moiety having f ron> q 1 6 
]5 carbon atoms; E Is 
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K >m 



wherein each of K and m has the meaning defined hereinabove; q 1s 1 to 
4; and each of R 6 and R 7 is hydrogen, fluorine or an alkyl group 
having from 1 to 4 carbon atoms with the provisos that when R 6 1s 
fluorine, R 7 1s either hydrogen or fluorine, and when B is oxa, each 
of Rs and R 7 1s other than fluorine; and pharmaceutical ly acceptable 
salts thereof, with the further overall proviso that in the compounds 
of Formula I when in each occurrence of R s it is hydrogen, a straight 
or branched alkyl group having from 1 to 6 carbon atoms, benzoyl or an 
alkanoyl group having 2 carbon atoms, and when in each occurrence of K 
1t is a straight or branched alkyl group having from 1 to 3 carbon 
atoms, fluorine, chlorine, trifluoromethyl , an alkoxy group having 1 
carbon atom, phenyl, -C0 2 R a wherein R„ has the meaning defined herein- 
above, or -CH z 0R 19 wherein R 19 is hydrogen, a straight or branched 
alkyl group having from 1 to 6 carbon atoms, an alkanoyl group having 
2 carbon atoms, or benzoyl, and when Z is other than 

35 ^NH-N 
N-N, 

and when Rx is other than a blcycloalkyl group having from 6 to 10 
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carbon atoms or a straight or branched alkyl group having 5 or 6 
carbon atoms, and when b is zero, n is other than 2 or ^. 

The compounds of Formulas I and II wherein R5 is other than 
tetrahydropyranyl, trimethyl silyl or tart- butyl dimethyl sllyl are use- 
ful as anti-asthmatic agents as described more fully hereinbelow. 
Also, the compounds of Formulas I and II wherein R is other than 
tetrahydropyranyl , trimethyl silyl , or tert-butyldlmethyl silyl 
excepting 6,9-deepoxy-6,9-[[m-(methylthio)phenyl]am1no]-A 6 ,B - 
prostagl andin Ii, methyl ester are inhibitors of 5-1 ipoxygenase 
rendering said compounds useful in the treatment of inflammation. The 
compounds of Formulas I and II wherein R5 is tetrahydropyranyl, tri- 
methylsilyl or tert-butyl dimethyl silyl as well as those compounds 
wherein R5 is benzoyl or alkanoyl having from 2 to 5 carbon atoms 
represent protected forms of compounds useful as intermediates in 
obtaining pharmaceutical^ useful compounds of Formulas I and II. 
Additionally, the compounds of Formula II are useful as intermediates 
in the preparation of compounds of Formula I wherein P is hydrogen. 
DETAILED DESCRIPTION Of INVENTI ON 

For purposes of convenience the compounds of Formula I of this 
invention may be defined as a compound wherein the various substituent 
groups Z, Y, X, R l3 P, A, R z and R 3 have the meanings defined herein- 
above with the proviso that each compound is other than one formed 
when the substituent groups Z, X, Rl, P, R 2 and R 3 have the following 
meanings: 
wherein Z is 

(a) -CO^ wherein R 8 is a pharmaceutical ly acceptable metal or 
amine cation, hydrogen, a straight or branched alkyl group having from 
1 to 6 carbon atoms, phenyl, phenyl substituted in any position with 
from 1 to 3 substituents selected from chlorine or a straight or 
branched alkyl group having from 1 to 3 carbon atoms, or phenyl sub- 
stituted in the para-position with -NHC0R ltJ , -C0R u , -0C0R 1Z , or 
-CH=NNHC0NH2 wherein Ri 0 is methyl, phenyl, acetamidophenyl , 
benzamidophenyl , or amino; Rn is methyl, methoxy, phenyl or amino; 
and R12 is phenyl or acetamidophenyl; 

(b) -C0NR 13 R ll+ wherein each of Ru and R lif is the same or 
different and is hydrogen, an alkyl group having from 1 to 6 carbon 
atoms, phenyl or benzyl ; 

(c) -CH 2 0R 5 wherein R 5 is hydrogen, a straight or branched alkyl 
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group having from 1 to 6 carbon atoms » benzoyl or an alkanoyl group 
having 2 carbon atoms; 

wherein X is -(CH 2 ) n and n is 2 or 4; 

wherein R x is hydrogen, a straight or branched alkyl group having 
from 1 to 4 carbon atoms, a cycloalkyl group having from 3 to 7 carbon 
atoms or 



-cf 



X) 



m 



wherein K is a straight or branched alkyl group having from 1 to 3 
carbon atoms, fluorine, chlorine, trifluoromethyl , an alkoxy group 
having 1 carbon atom, phenyl, -CO^R,, wherein R„ has the meaning 
defined hereinabove, or -CH z 0R la wherein R lg is hydrogen, a straight 
or branched alkyl group having from 1 to 6 carbon atoms, an alkanoyV 
group having 2 carbon atoms, or benzoyl; and m is zero to 3 with the 
proviso that m is 1 when K is -C0 2 R B , -CH 2 0R 19 or phenyl; 

wherein P is hydrogen, ~0R 5 or ~CH z 0R 3 and each R 5 is hydrogen; 

wherein R 2 is H,H; =0; a-R^,s-0R s ; or o-0R s ,P-Rh wherein each R* 
1s hydrogen or an alkyl group having from 1 to 3 carbon atoms; and 
each R s is hydrogen, an alkyl group having 1 carbon atom, or an 
alkanoyl group having 2 carbon atoms; and 

wherein R 3 has the meaning defined in Formula I except that K as 
used therein has the following meaning: a straight or branched alkyl 
group having from I to. 3 carbon atoms, fluorine, chlorine, trifluoro- 
methyl, an alkoxy group having 1 carbon atom, phenyl, -C0 2 R u wherein 
R B has the meaning defined hereinabove, or -CH 2 0R l9 wherein R 19 is 
hydrogen, a straight or branched alkyl group having from 1 to 6 carbon 
atoms, an alkanoyl group having 2 carbon atoms, or benzoyl. 

Illustrative examples of a straight or branched alkyl group 
having from 1 to 6 carbon atoms are methyl, ethyl, propyl, butyl, 
pentyl, hexyl, isopropyl, tertbutyl , neopentyl and 2,3-dimethylbutyl . 
An alkyl group of a lesser carbon number is similarly interpreted. 

As used herein the term cycloalkyl of three to seven carbon 
atoms, means cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 
cycloheptyl . 

The term pharmaceutical ly acceptable metal cations includes 
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cations of an alkali metal such as sodium and potassium, or alkaline 
earth metals such as calcium and magnesium, and other acceptable 
metals such as aluminum. 

As used herein the term alkylene moiety having from 1 to 6 carbon 
5 atoms means the group *-(CH 2 )i-5-» for example, methylene, ethylene, 
propylene, butylene and so on. 

Illustrative examples of bicycloalkyl groups having from 6 to 10 
carbon atoms are bicyclo[5.1.0]octane, spiro[2.6]nonane, bicyclo 
[6. 1.0]nonane, spiro[3.5]nonane, bicyclo[3.3.0]octane, indene, bicyclo 
10 [3.2.1]octane, spiro[4.5]decane, bicyclo[2.2.0]hexane, bicyclo[2. 1. 1]- 
hexane, norbornane, and bicyclo[3.1.1]heptane. 

Illustrative examples of a straight or branched alko*y group 
having from 1 to 4 carbon atoms are methoxy, ethoxy, n^propoxy, 
isopropoxy, £-butyl and tert -butyl . 
"15 The term oxa as used herein means the moiety -0-. 

The term cis-2-pentenyl as used herein means the moiety: 

-CH ZV ^ ^ CH Z CH3 
C = C 

The term acetamidophenyl means the group: 

0 

The term alkanoylamido having from 2 to 5 carbon atoms means the 
group: 

0 

-nhI-(ch 2 ) 0 _ 3 -ch 3 

The term alkanoyl group having from 2 to 5 carbon atoms means the 
30 group: 

0 
II 

-C-(CH 2 ) 0 

Pharmaceutical ly acceptable salts of the compounds of Formulas I 
35 and II are also included within the scope of the present invention. 
Illustrative of such salts are pharmacologically acceptable amine 
salts, i.e., amines which are accepted by mammals in an essentially 
non-toxic manner when administered to mammals in conjunction with the 



20 
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acid moiety of the invention* Illustrative of the amines are those 
derived from primary, secondary, or tertiary amines. Examples of 
suitable amines are methylamine, dimethyl amine, trlethylamine, ethyl - 
amine, dibutylamine, triisopropylamlne, N-methylhexyl amine, decylam-. 
Ine, dodecylamine, allylamine, crotylamlne, cyclopentyl amine, dicyclo- 
hexylamine, benzylamine, dibenzylamine, a-phenyl ethyl amine, e-phenyl- 
ethylamlne, ethylenediamine, diethyl enetriamine, adamantyl amines, and 
like aliphatic, cycloal iphatlc, and araliphatlc amines containing up 
to and including about 18 carbon atoms as well as heterocyclic amines, 
e.g., plperidine, morphollne, pyrrolidine, piperazine, and lower-alky! 
derivatives thereof, e.g., l-methylpiper1d1ne, 4-ethylmorpholine, 

1- 1sopropyl pyrrolidine, 2-methyl pyrrolidine, 1,4-dimethylpiperazine, 

2- methylpiperidine, and the like, as well as amines containing water- 
solubillzlng or hydrophilic groups, e.g., mono-, di-, triethanolamine, 
ethyldlethanolamine, N-butylethanol amine, 2-amino-l-butanol , 2-amino- 
l-ethyl-l,3-propaned1ol , 2-amino-2-methyl-l-propanol , tr1 (hydroxy- 
methyTJamlnoethane, N-phenylethanol amine, N-(p-tert-amyl phenyl )d1etha- 
nolamine, galactamine, N-methylglucamine, N-methyl glucosamine, ephe- 
drine, phenylephrine, epinephrine, or procaine. 

Also included within the scope of this invention are acid addi- 
tion salts of the compounds of Formulas I and II which contain basic 
moieties capable of forming such salts. Illustrative of appropriate 
and useful acid addition salts are those of any suitable inorganic or 
organic acid. Suitable inorganic acids are, for example, hydrochlor- 
ic, hydrobromic, sulfuric and phosphoric adds. Suitable organic 
acids Include carboxylic acids, such as, acetic, propionic, glycol 1c, 
lactic, pyruvic, mal onic, succinic, fumarlc, malic, tartaric, citric, 
cyclamic, ascorbic, maleic, hydroxymalalc, and dihydroxymaleic, ben- 
zoic, phenylacetic, 4-aminobenzoic, 4-hydroxybenzoic, anthranilic, 
cinnamic, salicylic, 4-aminosal icyl ic, 2-phenoxybenzoic, 2-acetoxyben- 
zolc, and mandel ic acid, sulfonic acids, such as methanesul fonic, 
ethanesulfonlc and 3-hydroxyethanesul fonic acid. 

Examples of phenyl esters substituted in the para-posit 1on 
include -acetamidophenyl ester, p-benzamidophenyl ester, p-(p-aceta- 
midobenzamido)phenyl ester, p-(p-benzamidobenzamido)phenyl ester, 
p-amidocarbonylaminophenyl ester, p-acetyl phenyl ester, p-benzyl phenyl 
ester, p-amidocarbonyl phenyl ester, p-methoxycarbonyl phenyl ester, 
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p-benzoyloxy phenyl ester and p-(p-acetamidobenzoyloxy)phenyl ester* 

A preferred embodiment of this Invention 1s compounds of Formula 
I wherein R x is a cycloalkyl group having from 6 to 10 carbon atoms or 
wherein Rx is the group 

wherein b, K and m have the meanings defined hereinabove, and more 
preferred are those compounds wherein b is zero or wherein m is zero 
10 to 2. 

Particularly preferred are compounds of Formula I wherein R x is 
-(CH 2 ) b ^Q^ K)m 

15 

wherein b is zero and K is bromine, a straight or branched alkoxy 
group of from 2 to 4 carbon atoms, hydroxy, i.e., compounds wherein K 
is -0R 19 and R lg is hydrogen, -SR ly , or -NR 20 R 21 wherein each of R 20 
and R 2l is hydrogen, and m is zero to 2. 
20 Other preferred embodiments of the invention are the compounds of 

Formula I wherein: 

P is a-0R 5 wherein R 5 is hydrogen; 

A is trans-CH=CH-; 

R 2 is a-ORs^-R* wherein R 5 is hydrogen or methyl and R H is 
25 hydrogen; 

R3 Is -C (R 6 ) (R 7 )C q H 2q -CH 3 wherein each of R 6 and R 7 1s hydrogen 
and q is 3; or 

Z is -C0 2 R B wherein R tt is hydrogen or methyl. 

Another preferred group of compounds of the invention are the 
30 compounds of Formula II wherein: 
X is CH 2 -CH 2 or -(CH 2 ) H ; 
Y is -CH 2 -CH Z or CH 2 CF 2 ; 

Z is C0 2 R a wherein R tt is hydrogen or salt thereof, a pharmaco- 
logically acceptable metal cation, or methyl; 
35 R i is hydrogen, alkyl of one to four carbon atoms, Inclusive, 

cyclohexyl or phenyl; 

A is -CH=CH- (trans), -C=C, -CH 2 -CH 2 -; 

R 2 is a-R l#> 6-0R 5 ; a-0R 5 ,s-R H ; =0; or H,H wherein R H is hydrogen 
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or methyl; and R 5 Is hydroxy; 
R 3 is 

(a) -C(Rs)(R 7 )CqH 2q ~CHj wherein R b and R 7 are the same and 
are fluoro or methyl; 

(b) -C(R 6 )(R 7 )-B-E wherein R 6 and R 7 are the same or differ- 
ent and are hydrogen or methyl, and E is 



-or* 



'm 



wherein K is fluoro, chloro, tMfluoromethyl , or methoxy or ethoxy and 
m is zero to 2; or 

(c) cls-2-pentenyl. 
The administration of the pharmaceutical 1y useful compounds of 
the present Invention, i.e., compounds of Formulas I and II wherein R s 
is other than the hydroxy protecting groups tetrahydropyranyl , tri- 
methylsilyl or tert-butyl dimethyl si lyl , to humans and animals, partic- 
ularly mammals, provides a method for the prophylactic or therapeutic 
treatment of allergy of a reagin or non-reag1n mediated nature. These 
compounds are particularly useful in treating asthma, but any allergy 
wherein slow reacting substance of anaphylaxis (SRSA) 1s thought to be 
Involved as a pharmacological mediator of anaphylaxis can be treated. 
For example, the compounds can be used for treatment of such condi- 
tions as allergic rhinitis, food allergy and urticaria as well as 
asthma. 

An effective but essentially non-toxic quantity of these pharma- 
ceutical ly useful compounds are employed in treatment. The dosage of 
the compound used in treatment depends on the route of administration, 
the potency of the particular compound, and the patient, i.e., human 
or animal, being treated. A dosage schedule for humans of from about 
0.1 to about 20 mg of compound in a single dose, administered paren- 
teral ly or by inhalation in the compositions of this invention are 
effective for preventing or diminishing the severity of allergy 
attacks. More specifically, the single dose 1s from about 0.5 to 
about 10 mg of compound. The oral dose is from about 2 to about 200 
mg in a single dose. More specifically, the single dose is from about 
5 to about 100 mg of compound. The dosage is repeated up to four 
times daily. When administering these pharmaceutical ly useful com- 
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pounds to animals the dosage may be adjusted accordingly depending on 
the weight of the animal being treated. 

The pharmaceutical ly useful compounds are formulated into compo- 
sitions for administration. The compositions of the present invention 

5 are presented for administration to humans and animals in unit dosage 
forms, such as tablets, capsules, pills, powders, granules, sterile 
parenteral solutions or suspensions, eye drops, oral solutions or sus- 
pensions, and oil in water and water in oil emulsions containing suit- 
able quantities of the compound. 

10 For oral administration, either solid or fluid unit dosage forms 

can be prepared. For preparing solid compositions such as tablets, 
the compound of Formula I or II wherein R 5 is other than the afore- 
mentioned hydroxy protecting groups is mixed with conventional ingre- 
dients such as talc, magnesium stearate, dicalcium phosphate, magnes- 

15 ium aluminum silicate, calcium sulfate, starch, lactose, acacia, 
methyl cellulose, and functionally similar materials as pharmaceutical 
diluents or carriers. Capsules are prepared by mixing the compound 
with an inert pharmaceutical diluent and filling the mixture into a 
hard gelatin capsule of appropriate size. Soft, gelatin capsules are 

20 prepared by machine encapsulation of a slurry of the compound with an 
acceptable vegetable oil, light liquid petrolatum or other inert oil. 

Fluid unit dosage forms for oral administration such as syrups, 
elixirs, and suspensions can be prepared. The forms can be dissolved 
in an aqueous vehicle together with sugar, aromatic flavoring agents 

25 and preservatives to form a syrup. An elixir is prepared by using a 
hydroalcoholic (ethanol ) vehicle with suitable sweeteners such as 
sugar and saccharin, together with an aromatic flavoring agent. 

Suspensions can be prepared with an aqueous vehicle with the aid 
of a suspending agent such as acacia, tragacanth, methyl cellulose and 

30 the like. 

For parenteral administration, fluid unit dosage forms are pre- 
pared utilizing the compound and a sterile vehicle, water being pre- 
ferred. The pharmaceutical ly useful compound described herein, 
depending on the vehicle and concentration used, can be either sus- 
35 . pended or dissolved in the vehicle. In preparing solutions the com- 
pound can be dissolved in water for injection and filter sterilized 
before filling into a suitable vial or ampoule and sealing. Advan- 
tageously, adjuvants such as a local anesthetic, preservative and 
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buffering agents can be dissolved in the vehicle. To enhance the 
stability, the composition can be frozen after filling Into the vial 
and the water removed under vacuum. The dry lyophllized powder 1s 
then sealed in the vial and an accompanying vial of water for Injec- 
tion is supplied to reconstitute the liquid prior to use. Parenteral 
suspensions can be prepared in substantially the same manner except 
that the compound 1s suspended in the vehicle Instead of being dis- 
solved and sterilization cannot be accomplished by filtration. These 
compounds can be sterilized by exposure to ethylene oxide or an equiv- 
alent gas before suspending in the sterile vehicle. Advantageously, a 
surfactant or wetting agent is included in the composition to facili- 
tate uniform distribution of the compound. 

Compositions for inhalation useful in practicing the present 
invention are of three basic types: (1) a powder mixture preferably 
mlcropulverized with particle size, preferably from about 2 to 5 
microns; (2) an aqueous solution to be sprayed with a nebulizer; (3) 
an aerosol with volatile propel lant in a pressurized container. 

The powders are quite simply prepared by mixing a suitable 
pharmaceutically useful compound of Formula I or II with a solid base 
which is compatible with lung tissue, preferably lactose. The powders 
are packaged in a device adapted to emit a measured amount of powder 
when inhaled through the mouth. 

Aqueous solutions are prepared by dissolving the appropriate com- 
pound of the Formula I or II in water and adding salt to provide an 
isotonic solution and buffering to a pH compatible with Inhalation. 
The solutions are dispersed in a spray device or nebulizer and sprayed 
Into the mouth while Inhaling. 

Aerosols are prepared by dissolving an appropriate pharmaceuti- 
cally useful compound of Formula I or II in water or ethanol and mix- 
ing with a volatile propel lant and placing in a pressurized container 
having a metering valve to release a predetermined amount of material. 

The liquefied propel lant employed is one which has a boiling 
point below 65" F at atmospheric pressure. For use in compositions 
intended to produce aerosols for medicinal use, the liquefied pro- 
pellant should be non-toxic. Among the suitable liquefied propellants 
which may be employed are the lower alkanes containing up to 5 carbon 
atoms, such as butane and pentane, or a lower alkyl chloride, such as 
methyl, ethyl or propyl chlorides. Further suitable liquefied propel- 
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lants are the fluorinated and ffuorochlorinated lower alkanes such as 
are sold under the trademarks "Freon" and "Genetron." Mixtures of the 
above-mentioned propellants may suitably be employed* Examples of 
these propellants are dichlorodifluoromethane ("Freon 12"), dichloro- 
tetrafluoroethane ("Freon 114"), trichloromonofluoromethane ("Freon 
11 H }» dichloromonofluoromethane ("Freon 21"), monochlorodifluorometh- 
ane ("Freon 22"), trichlorotrifluoroethane ("Freon 113"), difluoro- 
ethane ("Genetron 142-A") and monochlorotrifluoro methane ("Freon 
13"). 

The term "unit dosage form," as used in the specification and 
claims, refers to physically discrete units suitable as unitary dos- 
ages for human subjects and animals, each unit containing a prede- 
termined quantity of active material calculated to produce the desired 
therapeutic diluent, carrier or vehicle. The specifications for the 
novel unit dosage forms of this invention are dictated by and directly 
dependent on (a) the unique characteristics of the active material and 
the particular effect to be achieved and (b) the limitations inherent 
in the art of compounding such an active material for use in humans 
and animals, as disclosed in detail in this specification, these being 
featurs of the present invention. Examples of suitable unit dosage 
forms in coated tablets, powder packets, wafers, granulates, cachets, 
teaspoonfuls, tablespoonful s, dropperfuls, ampoules, vials, aerosols 
with metered discharges, segregated multiples of any of the foregoing, 
and other forms as herein described. 

The compounds of Formulas 1 and II noted hereinabove as being 
inhibitors of 5-1 ipoxygenase are administered for use in treating or 
preventing inflammatory conditions in substantially the same manner 
and dosage quantities and forms as described above for the treatment 
of allergy. Oral and parenteral routes of administration to the 
particular warm blooded animal being treated are preferred. The 
following compounds are particularly useful in treating inflammation: 
6,9-deepoxy-6,9-[[4-(dimethyl amino )phenyUimino]-A 6 ^-prostaglandin 
l x , methyl ester; 6,9-deepoxy-6,9-[[m- (methyl thio) phenyl ]1mino]-A fa >a - 
prostaglandin l lt methyl ester; 6,9-deepoxy-6,9-[[m-(amino)-p- 
(methyl )phenyl]amino-A 6 ' a -prostaglandin I L , methyl ester; 6,9-deepoxy- 
6,9-[[m-(methylthio)phenyl]imino]-A 6,a -prostag1andin I x , sodium salt; 
6,9-deepoxy-6,9-[[m- (methyl thio)phenyl]imino]-A b,tt -prostaglandin I x , , 
diethylamide; 6,9-deepoxy-6,9-[[3-methylthio)phenyl3imino]-A 6 * 8 - 
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prostaglandin 1^ amide; 6,9-deepoxy-6,9-[[3-(methylthio)phenyl]-A 6 ' u - 
prostaglandin I lt methyl amide; 6,9-deepoxy-2-hydroxymethyl-l- 
deca^boxy-6,9-[[3-(methylthio)phenyl]i^1ino3-A6 , ^-prostaglandin I t . 
The compounds of this invention are prepared by procedures generally 
known in the art. Attention is directed to Chart I wherein the 
synthetic pathway from known compounds or readily prepared compounds 
to give compounds of Formula I wherein Z is -C00H is illustrated. The 
initial starting materials in the synthetic pathway are well known 
prostacyclin analogs or 6-keto prostacyclin analogs. The process 
steps from Formulas III through VIII are known from various prior art 
references, Including Belgium Patent No. 862,547. The various hydroxy 
groups In the molecule, for example, the 11-positlon and the 
15-positlon of the molecule, or as occur 1n substltuent group R 3 
should be protected at various steps of the synthesis by a group 
resistant to the synthetic conditions, for example, tetrahydropyranyl 
or a silyl containing ether. The conversion of the 6-keto PGE com- 
pound of Formula VIII to the pyrrole of Formula IX 1s carried out by 
reacting a Formula VIII compound with an appropriate RiNH z amine 
wherein R t has the meaning defined in Formulas I and II. As free 
hydroxyl groups are present in R l or the substltuent groups P, R^, or 
R 3 such function 1s protected with a group resistant to the reactant 
conditions, where necessary, with, for example, ether forming groups 
as described above. It 1s preferable to maintain the hydroxyl groups 
of P, Ri, R 2 and R d as the free hydroxyl or as the protected hydroxyl 
from Formula III to VIII and then at VIII converting said group to 
whatever 1s desired. Alternatively the conversion can occur at IX. 

The conversion of the 6-keto PGE compound of Formula VIII to the 
pyrrole is carried out in a suitable solvent such as a lower alcohol, 
ether or amide. Examples of lower alcohols include methanol , ethanol , 
propanol or isopropanol. Examples of ether include diethyl ether, 
dloxane and tetrahydrofuran. Examples of amides are dimethyl formamide 
and diethyl formamide. The temperature at which the reaction takes 
place is not unduly significant. Temperature of from about 0° C to 
about 50° C can be employed depending upon the reaction velocity 
desired. Catalytic quantities of an acid such as a mineral acid, for 
example, hydrochloric or sulfuric acid, an amine hydrochloride for 
example or an organic sulfonic acid, for example, para toluene sul- 
fonic acid are generally employed. 
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The hydroxy protective groups can be removed at this stage or 
prior to the conversion of the 6-keto compound of Formula VIII to the 
pyrrole of this invention, i.e.. Formula IX wherein 1\ is -C00H, by 
the standard methods for example acidic hydrolysis for removal of 
tetrahydropyranyl and contact with an anionic fluoride containing 
compound for removal of the silyl ether. 

By substituting an appropriate 2-decarboxy-2-hydroxymethyl-6- 
keto-PGE compound of Formula X or a 2-decarboxy-2-(lH-tetrazolyl-5- 
yl )-6-keto-PGE compound of Formula XI for the 6-keto PGE compound of 
Formula VIII in the reaction sequence depicted in Chart I, there is 
obtained respectively pyrroles of this Invention as illustrated by 
Formula IX wherein l x is -CH 2 0H or 



,NH-N 
-C II 



The Formula XI compounds are prepared from either the correspond- 
ingly substituted PGF 2 a derivatives or cyclopentane lactone as 
described in U.S. Patent 4,205,176. The PGF 2 a starting materials are 

20 prepared by procedures described in U.S. Patent 3,636,120. The 2- 

decarboxy~2-(lH-tetrazol-5-y1 )-6-keto-PGE compounds of Formula XI are 
prepared as described in UiS. Patent 4,205,178. The starting materi- 
als for the Formula XI compounds are obtained conveniently as 
described in U.S. Patent 3,932,389. In the preparation of the com- 

25 pounds of Formulas X or XI or in the conversion of said compounds to 
pyrrole products of this invention the various hydroxy groups occur- 
ring therein are protected, where necessary, as described hereinabove, 
i\e., with such groups as trimethyl silyl , tetrahydropyranyl or tert- 
butyl dimethyl silyl. Selective protection of the hydroxy groups may be 

30 appropriate, as for example in preparing compounds from Formula X 

wherein free hydroxy groups are present in any of the substituent 
groups R x , P, R z or R 3 and the 2-hydroxymethyl moiety is derivatized 
to provide compounds of Formulas I or II wherein R 5 is other than 
hydrogen. Generally known reaction methods are described hereinabove 

35 for the selective removal of hydroxy protecting groups- The compounds 

of Formula IX wherein l x is -C^OH or -C00H can be converted to com- 
pounds of Formulas I and II wherein R 5 or R 8 or R 13 is other than 
hydrogen by general procedures well known in the art. The compounds 
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of Formula IX wherein Z x is -C00H can also be converted conveniently 
to compounds of Formula I wherein Z is -C0NR u R w or if desired com- 
pounds wherein Z.is -CH^0R 5 . 

The pyrrole products of the invention are isolated, for example, 
by aqueous dilution of the reaction mixture, extraction of the prod- 
ucts into ethyl acetate or etherial solvents with subsequent evapora- 
tion of the solvent to provide the crude product. Purification of the 
product is achieved by crystallization or chromatography on, for exam- 
ple, silica gel using ethyl acetate-hexane mixtures as the solvent. 

During the conversion of compounds of Formulas VIII, X or XI 
wherein P is hydroxy to the corresponding pyrrole the correspondingly 
substituted compounds of Formula I wherein P 1s hydroxy are obtained 
as well as the correspondingly substituted compounds of Formula II, 
The Formula II compounds thus produced are isolated, chromatographl- 
cally, e.g., by using silica gel and an ethyl acetate-cyclohexane sol- 
vent system. 

The compounds of Formula II are useful as intermediates in the 
preparation of compounds of Formula I wherein P is hydrogen. The 
appropriate Formula II compound is reduced to the Formula I compound 
using platinum oxide or palladium on carbon catalysis in an alcoholic 
or ester solvent at atmosphereic pressure and low temperatures ranging 
from about -70° C to -20°C. Sodium nitrite (0.1% alcoholic solution) 
Is conveniently employed to avoid hydrogenolysis of allyllc substitu- 
ents. This method is especially applicable to the' synthesis of the 
compounds of Formula I containing substituent groups not susceptible 
to reduction, e.g., -C=C- or N0 2 groups. Concomitant reduction of 
these groups and the cyclopentene ring may be in certain instances 
desirable. 

The following are illustrative examples of compounds of the 
invention. An appropriate amine of the formula R^H^ wherein R x has 
the meaning defined in Formulas I and II is reacted with a compound of 
Formula VIII, X or XI having the following structural features: 

15- methyl ; 

16 - methyl ; 
16,16-dimethyl-; 

16- fluoro-; 
16,16-difluor.o-; 

17- phenyl-18,19,20-trinor-; 
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17- (m-trifluoromethyl phenyl )-18,19,20-trinor-; 
17- (m-chlorophenyl )-18,19,20-trinor-; 
17- (p-fl uorophenyl )-18,19,20-trinor; 
16-methyl-17-phenyl-18,19,20-trinor-; 
lS^lS-dimethyl-n-phenyl-lS.ig^O-tnnor-; 
16-fluoro-17-phenyl-18,19,20-trinor-; 
16,16-difluoro-17-phenyl-18,19,20-trinor-; 
16-phenoxy-17,18,19,20-tetranor-; 
16-(m-trifluoromethy1phenoxy)-17, 18,19, 20-tetranor-; 
16-(m-chlorophenoxy)-17,18,19,20-tetranor-; 
16- (p-fl uorophenoxy ) -17 , 18, 19 ,20-tetranor- ; 
16-phenoxy-18,19,20-trinor-; 
16-methy 1 - lS-phenoxy-18 , 19 , 20-t r i nor- ; 
16-methyl -13, 14-d idehydro-; 
16 , 16-di methyl -13 , 14-d Idehydro- ; 

16- f 1 uoro-13 3 14-d i dehydro- ; 

17- phenyl-18,19,20-trinor-13,14-didehydro-; 
17- (m-trifluoromethyl phenyl )-18 > 19,20-tr1nor-13,14-didehydro-; 
17-(m-chlorophenyl )-18,19;20-trinor-13,14-didehydro-; 
17- (p-fluorophenyl )-18,19 a 20-trinor-13, 14-d Idehydro-; 
l6-methyl-l7-phenyl-l8,l9,20-tr1nor-l3,l4-didehydro-; 
16,16-dimethyl-17-phenyl-18,19,20-trtnor-13,14-didehydro-; 
16-f 1 uoro- 17-phenyl -18,19 , 20-trinor-13, 14-d idehydro- ; 

I6,l6-difluoro-l7-phenyl-l8,l9,20-trinor-l3,l4-d1dehydro-; 
16-phenoxy-17,18,19,20-tetranor-13,14-didehydro-; 
16- (m-trifluoromethyl phenoxy)-17, 18,19, 20-tetranor-13, 14-d ide- 
ro-; 

16-(m-chlorophenoxy)-17 s 18,19,20-tetranor-13,14-didehydro-; 
16-phenoxy-18,19,20-trinor-13,14-didehydro-; 

16-methyl-16-phenoxy-18,19,20-trinor-13,14-didehydro-; 
13, 14-di hydro-; 

16-methy 1 - 13 , 14-d i hyd ro- ; 

16, 16-dimethyl -13, 14-dihydro-; 

16- f 1 uoro-13, 14-dihydro-; 

16, 16-dif luoro-13 , 14-di hydro- ; 

17- phenyl -18, 19, 20-trinor-13, 14-dihydro-; 

17- (m-trifluoromethyl phenyl )-18,19 3 20-tr1nor-13, 14-dihydro-; 
17- (m-chlorophenyl )-18,19,20-trinor-13, 14-dihydro-; 
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17-(p-fluoropheny1)-18,19 1 20-trinor-13,14.dihydro-; 

16-methyl-17-phenyl.l8,19,20-trinor-13,H-dihydro-; 

lS^e-dimethyl-iy-phenyl-lB.ig^O-trinor-lS^A-dihydro-; 

16-f1uoro-17-phenyl-18,19,20-trinor-13,14-dihydro-; 

16,16-difluoro-17-phenyl-18,19 > 20-trinor-13 > 14-dihydro-; 

16-phenoxy-17, 18,19, 20-tetranor-13,14-dihydro-; 

l6-(m-trifluoromethylphenoxy).l7,l8,l9,20-tetranor-l3,l4-d1- 
hydro-; 

16-(m-ch1orophenoxy)-17 > 18 > 19 > 20-tetranor-13,14-dihydro-; 

16-(p-fluorophenoxy)-17,18,19,20-tetranor-13,14.dihydro-; 

l6-phenoxy-l8,l9,20-tr1nor-l3,l4-dihydro-; 

lS-methyl-ie-phenoxy-lSag^O-trinor-lSjH-dihydro-; 
2,2-difluoro-; 

2,2-d1f 1 uoro-16-methy] - ; 

2 » 2-d 1 f 1 uo ro- 16 , 16-d imethy 1 - ; 

2,2-difluoro-16-f1uoro-; 

2 , 2-d i f 1 uoro- 16 , 16-d i f 1 uoro- ; 

2 > 2-difluoro-17-phenyl-18 > 19-20-trinor-; 

2, 2-d1fluoro-l7-(m-trif1uoromethyl phenyl )-18,19, 20-trinor-; 

2,2-d1fluor6-l7-(m-chlorophenyl )-18,19 3 20-trinor-; 

2,2»difluoro-17-(p-f luorophenyl )-l8,l9,20-tr1nor-; 

2,2-dinuoro-16-methyl-17-pheny1-18,19,20-trinor-; 

2,2-difluoro-l6,l6.d1methy1-l7-phenyl.l8 > l9,20-tr1nor-; 

2 > 2-difluoro-16-fluoro-17-phenyl-18,19,20-trinor-; 

2,2-d1fluoro-l6,l6-difluoro-l7-phenyl -18,19, 20-tr1nor-; 

2,2-d1fluoro-16-phenoxy-17,18,19,20-tetranor-; 

2,2-difluoro-16- (m-trifluoromethylphenoxy)-17,18,19 s 20.tetranor-; 

2,2-difluoro-16-(m-chlorophenoxy)-17,18,19 > 20-tetranor-; 

2 »2-difluoro-16-phenoxy-18, 19, 20-trinor-; 

2,2-d1fluoro-16-methyl-16-phenoxy-18,19,20-tr1nor-; 
2 , 2-d i f 1 uoro-16-methyl -13 f 14-d i dehydro- ; 

2,2-difluoro-l6,l6-di»nethyl-l3,l4-d1dehydro-; 

2,2-difluoro-16-fluoro-13 > 14-didehydro-; 

2,2-difluoro-16,16-difluoro-13,14-didehydro-; 

2,2-d1fluoro»l7-pheny1-l8,l9,20-trinor-l3,l4-didehydro-; 

2,2-dif1uoro-17-(m-trifluoromethylphenyl)-18,19,20 trinor-13,14- 
didehydro-; 

2,2-dinuoro-17(m-chloropheny]).18,19,20 trinor-13,14-didehydro-; 
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2,2-difluoro-17-(p-fluoropheny1 )-18,19,20 .trinor-l3,l4-d1dehy- 

dro-; 

2,2-difl uoro-16-methyl-17-phenyl -18,19,20 trinor-13,14-didehy- 

dro-; 

2,2-dif luoro- 16, 16-dimethyl-17-phenyl -18,19,20 trinor-13,14-dide- 
hydro-; 

2,2, 16-trifluoro-17-phenyl -18, 19,20 trinor-13,14-didehydro-; 

2,2,16,16-tetrafluoro-17-phenyl-18,19,20-tr1nor-13 J 14-didehydro-; 

2,2-difl uoro-15-phenoxy-17, 18,19,20 tetranor-13,14-didehydro-; 

2,2-dtfluoro-16-(m-tr1fluoromethylphenoxy)-17,18,19,20 tetranor- 
13,14-dldehydro-; 

2, 2-difl uoro-16- (m-chlorophenoxy)-17, 18,19, 20 tetranor-13,14-di- 
dehydro-; 

2,2-difl uoro-16-phenoxy-18,19,20-trinor-13,14-didehydro-; 
2,2-difluoro-l6^methyl-l6-phenoxy-l8,l9,20-trinor-l3,l4-d1dehy- 

dro-; 

2, 2-difluoro-13, 14-dihydro-; 
2>2-difluoro-16-methyl -13, 14-dihydro-; 
2,2-difl uoro-16, 16-dimethyl -13, 14-dihydro-; 
2 ,2, 16-tr if 1 uoro-13 , 14-di hydro- ; 
2,2,16, 16-tetrafluoro-13, 14-dihydro-; 
2,2-difluoro-17-pheny1 -18, 19, 20-trinor-13, 14-dihydro-; 
2,2-difluoro-17- (m-trifluoromethyl phenyl )-18,19,20-trinor-13, 14- 
di hydro-; 

2,2-dif1uoro-17-(ra-chloropheny] )-l8,l9,20-trinor-l3,l4-d1hydro-; 
2,2-difluoro-17-(p-fluorophenyl )-18, 19, 20-trinor-13, 14-dihydro-; 
2, 2-difluoro-16-methyl-17-phenyl-18, 19, 20-trinor-13, 14-dihydro-; 
2, 2-difluoro-16, 16-dimethyl -17-phenyl-18,19,20-trinor-13,14-dihy 

dro-; 

2,2-trifluoro-17-pheny1 -18, 19, 20-trinor-13, 14-dihydro-; 
2,2,16,16-tetraf1uoro-17-phenyl-18,19 > 20-trinor-13,14-dihydro-; 
2,2-difluoro-16-phenoxy-17, 18, 19, 20-tetranor-13, 14-dihydro-; 
2,2-dif luoro-16-(m-t rifluoromethyl phenoxy)-17, 18,19, 20-tetranor 
13, 14-dihydro-; 

2,2-difl uoro-16- (m-chlorophenoxy)-17, 18, 19, 20-tetranor-l3,l4-d1 
hydro-; 

2,2-difl uoro-16- (p-f luorophenoxy) -17, 18,19, 20-tetranor-13, 14-di 
hydro-; 
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Z.Z-difluoro-lS-phenoxy-ia.ig^O-trinor-lS.H-dihydro-; 

Z.Z-difluoro-lS-methyl-lS-phenoxy-lS.ig.ZO-trinor-n.H-dlhydro-; 
16-methyl -d s-13-; 

16,16-d1methyl-trans-13-; 

16- f 1 uoro-ci s-13- ; 
16,16-dif luoro-trans-13-; 

17- phenyl -18, 19, 20-tn"nor-ci s-13- ; 

17- (m-tr1fluoromethylphenyl)-l8,l9,20-trinor-trans-l3-; 

17-(m-chlorophenyl)-18,19,20-trinor-cis-13-; 

17-(p-fluorophenyl)-18,19,20-trinor-trahs-13-; 

16-methyl -17-phenyl -18,19, 20-trinor-cis-13-; 

16, 16-dimethyl -17-phenyl -18,19, 20-trinor-trans-13-; 

16-fluoro-17-phenyl-18,19,20-trinor-cis-13-; 

16,16-difluoro-17-phenyl-18,19,20-trinor-trans-13-; 

16-phenoxy-17,18,19,20-tetranor-cis-13-; 

16-(m-trifluoroniethylphenoxy)-17,18,19,20-tetranor-trans-13-; 
16-(m-chlorophenoxy)-17,18,19,20-tetranor-cis-13-; 
16-(p-fluorophenoxy)-17,18,19,20-tetranor-trans-13-; 
16-phenoxy-18,19,20-trinor-cis-13-; 

16-methyl -16-phenoxy-18,19,20-tr1nor-trans-13-; 
2 ,2-dif Vuoro-ci s-13- ; 

2,2-difluoro-16-methyl-trans-13-; 

2,2-difluoro-16,16-dimethyl-cis-13-; 

2 , 2-d 1 f 1 uoro-16-f 1 uoro-trans-13- ; 

2, 2-difluoro- 16, 16-dlfl uoro-ci s-13-; 

2,2-difluoro-17-phenyl-18,19,20-trinor-trans-13-; 

2,2-d1fluoro-l7-(m-tr1fluoromethylphenyl)-l8,l9,20-trinor-cis- 

2,2-d1fluoro-l7-(m-chlorophenyl)-l8,l9 J 20-tr1nor-trans-l3-; 

2,2-difluoro-17-(p-fluorophenyl)-18,19,20-trinor-cis-13-; 

2,2-difluoro-16-methyl -17-phenyl -18, 19, 20-trinor-trans-13-; 

2,2-dinuoro-l6,l5-d1methyl-l7-phenyl-l8,l9,20-trinor-cis-l3-; 

2,2-difluoro-16-fluoro-17-phenyl-18,19,20-trinor-trans-13-; 

2, 2-d1fluoro-16, 16-dlfl uoro-17-phenyl -18,19, 20-trinor-ci s-13-; 

2, 2-di f 1 uoro-16-f 1 uoro-18-phenyl -19,20-dinor-trans-13-; 

2,2-difluoro-16,16-difluoro-18-phenyl-19,20-dinor-cis-13-; 

2,2-difluoro-15-phenoxy-17,18,19,20-tetranor-trans-13-; 

2.2-difluoro-16-( I n-trifluoromethylphenoxy)-17,18,19 1 20-tetranor- 
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ds-13-; 

Z^-difluoro-lS-^m-chlorophenoxyJ-lZJS.lD^O-texranor-trans-ia-; 
2,2-difluoro-16-(p-fluorophenoxy)-17 3 18,19,20-tetranor-cts-13-; 

2.2- difluoro-16-phenoxy-18,19,20-trinor-trans-13-; 

5 2,2-difluoro-16-methyl-16.phenoxy-18,19 J 20-trinor-cis-13-; 

2.3- didehydro-; 
trans-2,3-dehydro- ; 
15-keto-2,2-dif1uoro-; 
15-dlhydro-; 

10 15-methoxy; 

15-methoxy-13,14-dihydro-; 

15-acetyl-;. 

15-methoxy; 

15-acetyl-17-phenoxy-18,19,20-trinor-; 
15 15-acetyl-13-trans-; 
20 methyl-; 
20 nor-; 
19,20-dinor-; 

15-ethyl-18,19 s 20-trinor-; 
20 15-methyl-18,19,20-trinor-; 
13,14-didehydro; 
2-trans-20-nor-; 

15- ethyl-15-methoxy-18 s 19,20-trinor-; 

16- dif 1 uoro-ethyl ene-19-phenyl -20-nor- ; 
25 13-p-chlorophenyl -20-nor-; 

cis-17,18-dehydro-; 
2 , 2-di f 1 uoro-d s-17 , 18-dehyd ro- ; 
13 , 14-dlhydro-ci s-17 , 18-dehydro- ; 
trans-2-cts-17, 18-dehydro-; 
la , lb-d i homo-ci s-17 , 18-dehydro- ; 

trans-2-3a > 3b-dihomo-trans-13,14-dehydro-16-phenoxy-18,19,20-tri- 

nor. 
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The following specific examples illustrate the preparation of 
compounds of the invention. 

Exam P le 1 9-Deoxy-6,9-N-phenylimino-A6'8.p GIl methyl ester) 
11,15-di acetate 

5 ( a ) 5£-Iodo-9-deoxy- eij.&Hipoxy-ll.lS-bis-dimethyl- 

t-butylsilyl ether 

A solution of 5s-iodo-9-deoxy-6c,9a-epoxy PGF ia methyl ester 
(11.0 g) in DHF (50 ml) is treated with imidazole (8.86 g) and t- 
butyl dimethyl chlorosi lane (7.85 g) and reacted for two hours. The 
10 suspension 1s diluted with ^0 and extracted with ethyl acetate. Dry- 
ing and evaporation of the extract gave 15 g of a pale yellow oil. 
Purification on silica gel (360 g) with 97% hexane - 3% ethyl acetate 
(260 ml fractions) gives 10.9 g of la. 

(b) 6-Keto-PGF^ bis-dimethyl-t-butylsilyl ether 
15 methyl ester 

A solution of la (10.9 g) in toluene (50 ml) is treated with 
diazabicyclononene (12.5 ml) and reacted for 19 hours. Additional 
reagent (8.2 ml) is added and the suspension reacted for six hours. 
The reaction is diluted with ethyl acetate, partitioned with U0, 

20 dried and evaporated to a green oil. 

The crude oil is hydrolyzed in acetonitrile (5 ml) with 4% acetic 
acid in 90% aqueous acetonitrile for 45 minutes, diluted with 0.2 M 
KHS0,,, extracted with ether, and the combined extracts washed with 
H 2 0. Drying and evaporation of solvent gives a two-product mixture 

25 (8.96 g). 

Purification on silica gel (440 g) with 85% hexane - 15% ethyl 
acetate (40 ml fractions) gives 1.65 g of impure hem1 -acetal ; 7:3 
hexane:ethyl acetate elution (fractions 10-43) gives 7.1 g of (b) 
above containing 25-30% of the hemiacetal, R f 0.40 and 0.77, respect- 
30 ively in 3:1 cyclohexane; ethyl acetate; R f 0.08 and 0.31, respect- 
ively, in 9:1 cyclohexane rethyl acetate. 

(c) 6-Keto-PGF ia 9 -acetate-1 1,1 5-b1s-t -butyl dimethyl - 
silyl ether methyl ester 

A solution of crude lb (5.1 g) in pyridine (20 ml) 1s treated 
35 with acetic anhydride and reacted for 65 hours. The solution is 
cooled, diluted with 5% NaCl and extracted with ether. The extract is 
washed, dried and evaporated to yield crude (c) as a pale yellow oil 
(5.78 g). 
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Fractionation on silica gel (425 g) with 9:1 hexane:ethyl acetate 
(fractions 1-19) and 8.5:1.5 hexanerethyl acetate (fractions 20-46) 
gives (c) (3.83 g) in fractions 21-29. 

(d) 6-Keto-PGFia ll,15-bis-t-5-butyl dimethyl silyl 
5 ether 

A solution of lc (1.43 g) in dimethyl formamide (90 ml) is treated 
with 2.2N NaOH (10 ml) and the turbid mixture treated with H 2 0 (12 
ml). The solution is heated at 80-87° C for 1.5 hours, cooled, acidi- 
fied with 0.2 M KHSOi* and extracted with ethyl acetate. The extract 

10 is washed, dried and evaporated to yield (d) above (1.01 g) as a pale 
yellow oil, R^ 0.27 in solvent 2:1 cyclohexane; organic layer from 
9:2:5:10 ethyl acetate:acetic acid:cyclohexane:water. Neat storage at 
4° C produces an impurity (ca. 20%) at R^ 0.34. 

The sample is combined with product (2*8 g) from duplicate 

15 hydrolysis and purified on CC-4 silica gel (430 g) with 9:1 hexane:- 
ethyl acetate collecting 48 ml fractions for fractions 1-84 and 
8.5:1.5 for fractions 85-168 (55 ml fractions). Fractions 130-168 
provide 2.58 g (61%) of (d). 

(e) 6-Keto-PGEi, 11,15-bis-t-butyl dimethyl silyl ether 
20 A solution of (d) above (2.5 g) in acetone (45 ml) at -40° C was 

treated with 2.67 M Jones reagent (3.25 ml), brought to -20° C during 
eight minutes and reacted and reacted at -20° C for 75 minutes. The 
suspension is diluted with cold 5% NaCl , extracted with ether and the 
combined extracts are washed with 5% NaCl. Drying and evaporation of 
25 solvent gave 2*0 g of yellow oil. Fractionation on CC-4 silica gel 
(210 g) with 8.5:1.5 (50 ml fractions) removes polar impurities. 
Fractions 23-50 give pure (e) (0.85 g), R f 0.25 in 2:1 cyclohexane:- 
organic layer from 9:2:5:10 ethyl acetate :acetic acid:cyclohexane:- 
- water. 

30 (f) 9-Deoxy-6,9-N-phenylimino-A s,8 -PGI 2 11,15-bis-t- 

butyl dimethyl si lyl ether methyl ester 
A solution of (e) above (0.85 g) in ethanol (2 ml) is treated 
with 1 M aniline in ethanol (10 ml) and 0.1 M pyridine hydrochloride 
in methylene chloride (0.08 ml) and reacted for 26 hours. The solu- 
35 tion is diluted with ether, washed with 0.2 M KHSO4 and 5% NaCl solu- 
tions, dried and evaporated to yield crude acid. Without purifica- 
tion, the prepared acid is esterified with excess ethereal diazometh- 
ane to yield crude (f) (0.90 g). 
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Fractionation on CC-4 silica gel with 95:5 hexane:ethyl acetate 
(18 ml fractions) gives pure (f) above (0.52 g), R f 0.53, 0.66 in 2:1 
cyclohexane:organic layer from 9:2:5:10 ethyl acetate :acetic acid:- 
■ cyclohexane:water, and 9:1 cyclohexane:ethyl acetate, respective, in 
5 fractions 6-13. Pure acid (0.116 g) is obtained in fractions 29-63 
R f 0.45 in 2:1 cyclohexane:organic layer from 9:2:5:10 ethyl acetate:- 
acetic aci d:cyclohexane:water. 

(g) g-Deoxy-e.g-N-phenylimirio-A^a-PGIi methyl ester 

A solution of If (0.51 g) in tetrahydrofuran (THF) is treated 
10 with 1.2 M tetrabutyl ammonium fluoride in THF (5 ml) and reacted for 
1.5 hours. The dark solution is diluted with ether, washed with 0.2 M 
KHSO^ and 5% NaCl solutions, dried and evaporated. The residue (0.42 
g) is purified on CC-4 silica gel (60 g), collecting 17 ml fractions. 
Fractions 95-120 (3:2 hexane-.ethyl acetate) provides 78 mg of (g), 
15 (product compound), m.p. 95.5° C after ether-hexane crystallization. 
IR (mull) 965, 1060, 1495, 1605, 1745, 2975, 3425 cm -1 . 
Ultraviolet (Ethanol) 233 (e 11,400) nm. 

(h) g-Deoxy-e.g-N-phenylimino-A^S-PGl! methyl ester, 
11,15-diacetate 

20 A solution of lg (2.15 g, 5.0 mmoles) in 15 ml of pyridine, 5 ml 

of acetic anhydride and 4-dimethyl ami nopyri dine is reacted at ambient 
temperature for 2.5 hours after which the solution is diluted to 200 
ml with ice water and stirred without precipitation, the oily residue 
was extracted Into ethyl acetate, washed with 5% NaCl, 5% NaHC0 3 , 0.2% 

25 KHS0„ solution and finally with water. Drying and evaporation of the 
solvent gives (h) (3.35 g) after carbon tetrachloride evaporation. 
The product is homogenous by thin layer chromatography (3:1 cyclohex- 
ane, ethyl acetate). 

MR: (CDC1 3 ) 6 0.90 (t,3,CH 3 ), 1.0-1.7 (m,12,CH 2 ,CH) , 2.00 (s, 
30 CH 3 C0), 1.8-2.8 (m,12,CH,CH 2 ,C0CH 3 ), 2.8-3.3 (m.l.CH), 3.56 (s,3. 
C0 2 CH 3 ), 5.0-6.0 (m,3,CH-oAc), CH=CH,pyrrole-H,7.0-7.5 (m,5,ArH). 

IR (natura^ film): 1735 (C=0), 1600, 1500, 1440, 1370, 1240, 
1025 and 970 cm" . 

Exam P 1e 2 6 ) 9-Deepoxy-lO,ll-didehydro-ll-deoxy-6,9-r(p-n1tro- 
35 Phenyl )1minolA6»e prostaglandin ^methyl ester 

A solution of 115 mg (0.3 mmoles) of 6-keto PGE X methyl ester, 
0.5 ml of absolute ethanol, 83 mg (0.6 mmoles) of p_-nitroanil ine and a 
small amount of pyridine-HCI is stirred at about 25° C in the dark and 
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under a nitrogen atmosphere for about 24 hours. The reaction mixture 
turns dark. The solvent is evaporated and the residue is chromato- 
graphed over silica gel (20 g) eluting with 50% ethyl acetate-50% 
mixed hexanes, collecting 2 ml fractions. Fractions 61-100 were fur- 
5 ther chromatographed over silica gel (2 g) eluting with 10% acetone - 
90% methylene chloride followed by 20% acetone - 80% methylene chlor- 
ide collecting 1 ml fractions. Fractions 21-60 are combined and evap- 
orated to give the desired product. R f 0.55, thin layer on silica gel 
60 using 10% acetone-90% methylene chloride. 

10 Example 3 6 f 9-Oeepoxy-6 f 9-[(phenylmethyl)imino^-A 6,8 prosta- 
glandin Ii methyl ester 
When in the procedure of Example 2 an appropriate amount of benz- 
ylamine is substituted for £-nitroaniline, and the reaction mixture is 
stirred for 3.5 hours the title product is obtained which is purified 

15 by chromatography over silica gel (20 g) eluting with 70% ethyl ace- 
tate - 30% mixed hexanes, and collecting fractions 20-40 of 2 ml each. 
R f 0.85, thin layer on silica gel 60 using 70% ethyl acetate - 25% 
mixed hexanes. 

Example 4 6,9-Deepoxy-6 3 9-n(acetamidophenyl)imino"|-A 6>8 prosta- 

20 glandin I x methyl ester 

When in the procedure of Example 2 an appropriate amount of £- 
acetamidoaniline is substituted for p^nitroaniline the title product 
is obtained and is purified by chromatography over silica gel (100 g) 
eluting with 5% methanol - 95% methylene chloride and 10% methanol - 

25 90% methylene chloride, collecting and evaporating fractions 56-78 of 
20 ml each. R^ 0.30, thin layer on silica gel 60 using 40 acetone - 
60% mixed hexanes. 

Example 5 6,9-Deepoxy-6,9-[(p-ethoxyphenyl )iminol-A 6 * 8 prosta- 
glandin I i methyl ester 
30 (a) 6,9-Deepo*y-6,9-[(p-etho*yphenyl )imi no"!- A 6 * 8 

prostaglandin I i methyl ester, 11,15-di (tert-butyl di- 
methyl si lyl) ether 
A solution 0.72 g (1.18 mmole) of 6-keto PGEi methyl ester, 
11,15-di (tert-butyldimethylsi lyl) ether, 1 ml of methanol, a small 
35 amount of pyridine-HCl , 250 mg of magnesium sulfate, and 178 mg (1.3 
mmole) of p-phenetidine is stirred at about 25° C in the dark and 
under a nitrogen atmosphere for about 18 hours. The reaction mixture 
is filtered, and the filtrate is evaporated leaving a residue which is 
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chromatographed over silica gel (100 g) eluting with 10% ethyl acetate 
- 901 mixed hexanes. Fractions 21-32 were collected yielding 710 mg 
of the title product. R f 0.55, thin layer on silica gel 60 using 10% 
. ethyl acetate - 90% mixed hexanes. 

6 (b) 6,9-Deepoxy-6,9-[(p-ethoxyphenyl)im1no1-A6»a 

prostaglandin I x methyl ester 
The 710 mg of compound 5a and 1.38 g of tetra-n-butyl ammonium 
fluoride is stirred at 0° C under a nitrogen atmosphere in the dark 
for 2 hours, then stirring is continued at about 25° C for about 35 
10 hours. The reaction mixture is partitioned between ethyl acetate- 
brine. The aqueous layer is collected and extracted with ethyl ace- 
tate from which the organic layer is dried over magnesium sulfate, 
filtered and evaporated. The resulting residue is chromatographed 
over silica gel (80 g) eluting with 70% ethyl acetate - 30% mixed hex- 
15 anes. Fractions 19-38 of 20 ml each yield 410 mg of the title prod- 
uct. R f 0.40, thin layer on silica gel 60 using 60% ethyl acetate - 
40% mixed hexanes. 

Similarly, when m-phenetidine is used in place of p-phenetidine 
in Example (5a) and the procedures of (5a) and (5b) followed, the 
20 corresponding m-ethoxyphenyl derivative is obtained. M + (trimethyl- 
silyl derivative): 627.3753, calculated for C 35 H 57 N0 5 Si 2 : 627.3775. 
Exam P 1e 6 6 > 9 - 0e «POxy-6,9-C(3,4-dimethoxyphenyl)imino1-A6»8 
prostaglandin 1 1 methyl ester 
When in the procedure of Example 5a an appropriate amount of 
25 2,4-dimethoxyaniHne 1s substituted for p-phenetidine, 6,9-deepoxy- 
6,9-C(3,4-dimethoxyphenyl)1m1no]-AS»8 prostaglandin I x methyl ester, 
ll,15-di(tert-butyldimethylsilyl) ether is obtained, and when said 
ether is substituted in Example (5b) for the product of Example (5a), 
the title product is obtained. R f 0.50,. thin layer on silica gel 60 
30 using 70% ethyl acetate - 30% mixed hexanes. 

Examp1e 7 6 >9-Deepoxy-6,9-[(3-amino-4-methylphenyl )iminol-&e» 8 
prostaglandin 1 J methyl ester 
Wnen in the procedure of Example (5a) an appropriate amount of 
2.4-diamenotoluene is substituted for £-phenetidine 6,9-deepoxy-6,9- 
35 C(3^amino-4-methylphenyl)imino]-A6'8 prostaglandin I t methyl ester, 
ll,15-di(tert-butyldimethylsilyl) ether 1s obtained, and when said 
ether is substituted in Example (5b) for the product of Example (5a) 
the title product is obtained. Rf 0 .25, thin layer on silica gel 60 
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using 70% ethyl acetate - 30% mixed hexanes. 

Example 8 6,9-Deepoxy-6,9-[(4-acetylphenyl )iminol-A 6 > 8 prosta- 
glandin I, methyl ester 
When in the procedure of Example (5a) an appropriate amount of 
5 p-aminoacetophenone is substituted for £-phenetidine, 6,9-deepoxy- 
6,9-[(4-acetylphenyl )iminol-A 6,8 prostaglandin 1^ methyl ester, 
ll,15-di(tert-butyldimethylsilyl) ether is obtained, and when said 
ether is substituted in Example (5b) for the product of Example (5a), 
the title product is obtained. R f 0,15, thin layer on silica gel 60 
10 using 50% ethyl acetate - 50% mixed hexanes. 

Example 9 6,9-Deepoxy-6,9-[(p-hydroxyphenyl )imino"l-A 6> 8 
prostaglandin l\ methyl ester 
(a) 6,9-deepoxy-6,9-[(p-hydroxyphenyl )iminol-A 6> 8 
prostaglandin I x methyl ester, ll,15-di-(tetrahydro- 
15 pyranyl ) ether 

A mixture of 550 mg (1 mmole) of the ll,15-di-(tetrahydropyranyl) 
ether of 6-keto PGEi, 3 ml of absolute ethanol , 14 mg of pyridine»HCl , 
and 1.09 g of p-aminophenol .is stirred at about 25° C under a nitrogen 
atmosphere in the dark for about 24 hours. The reaction mixture is 
20 evaporated, and the residue chromatographed over silica gel (150 g) 
eluting with 30% ethyl acetate - 70% mixed hexanes and 40% ethyl ace- 
tate - 60% mixed hexanes. Fractions 49-72 of 20 ml each give 620 mg 
of the title product (9a). The 620 mg of product from (9a) is heated 
to 40° C for 2.5 hours in a solution of 4 ml of acetic acid and 2 ml 
25 of water. The reaction mixture is diluted with toluene, and the sol- 
vent evaporated leaving a dark residue which is dissolved in ethyl 
acetate. The organic solution is washed with brine containing sodium 
bicarbonate and the layers are separated. The ethyl acetate layer is 
dried over sodium sulfate and evaporated to give the product which is 
30 purified by chromatography over silica gel (70 g) eluting with 70% 
ethyl acetate - 30% mixed hexanes. Fractions 35-60 of 10 ml each 
yield 139 mg of 6,9-deepoxy-6,9-[(p-hydroxyphenyl )imino^-A 6s 8 prosta- 
glandin l x methyl ester. R f 0.30, thin layer on silica gel 60 using 
70% ethyl acetate - 30% mixed hexanes. 
. 35 Example 10 6,9-Deepoxy-10,ll-didehydro-ll-deoxy-6,9-N-phenyl imino- 
A s,8 -PGI z -15-t-butyl dimethyl si lyl ether methyl ester 
A solution of 6-keto-PGEi, 11,15-bis-t-butyldimethylsi lyl ether 
methyl ester (1.0 g) in anhydrous methanol (1.0 ml), aniline (0.15 ml) 
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and pyridine hydrochloride (21 mg) is cooled to 0° C to 5°C and 
reacted for 16 hours. The solution is diluted with ethyl acetate and 
washed with 1% sodium bisulfate, 5% sodium bicarbonate solution, dried 
and evaporated. The residue (1.47 g) 1s purified on silica gel (30 g) 
5 with 9:1 heptane:ethyl acetate collecting 20 ml fractions to give the 
title product. 

i* am P 1e 11 6,9-Deepoxy-ll-deoxy-6,9-N-(4-ami nophenyl )-immuno- 
n.^-dihydro-A^a-PGl! methyl ester 
A solution of 6,9-deepoxy-10,ll-didehydro-ll-deoxy-6,9-r(p- n itro- 

10 phenyl )imi no- A 6 * 8 -PGI i methyl ester (30 mg) in 95% ethanol (10 ml) is 
treated with 10% palladium on carbon (30 mg) and hydrogenated at 
atmospheric pressure. When hydrogen uptake ceases, catalyst is fil- 
tered and the solution evaporated to yield the title compound. 
Example 12 6,9-Deepoxy-6,9-[(phenylmethyl )imino"l-A6' 8_ prosta _ 

15 glandin I x 

A solution of 6,9-deepoxy-6,9-[(phenylmethyl )1mino-A6> 8-prosta- 
glandin I x methyl ester (0.320 g) in 20 ml of methanol and 4 ml of IN 
sodium hydroxide is reacted at 25« C for 18 hours. The solution is 
acidified with 1M citric acid and the precipitate collected and 

20 subsequently recrystallized from methylene chloride-hexane to give the 
title compound. 

Exam P 1e 13 ( a ) a6 ' Prostaglandin Ii, e.g-deepoxy-e.g-r^m-^ethyl - 
thio)phenyl]im1no]-, methyl ester, 11,15-dimethyl -t- 
butylsilyl ether 

25 A 2.0 g (3.28 mM) quantity of 6-keto-PGF ia-ii,i5-bi s-dimethyl- 

t-butylsilyl ether methyl ester, 460 mg (3.31 mM) of 3-methyl -mer- 
captoaniline, a crystal of pyridine hydrochloride, 500 mg MgS0» and 2 
ml MeOH was stirred at room temperature under nitrogen in the dark for 
29 hours. The reaction mixture was filtered, washing the solid with 

30 EtOAc. The filtrate was then evaporated under vacuum. The crude 
product was chromatography over 150 g silica gel, eluting with 10% 
EtOAc - 90% SSB. Fractions of 20 ml were collected, analyzing them by 
TIC. Fractions 19-30 contained the title product (a). 
TLC: 10% EtOAc - 90% SSB; silica gel. R f , 0.73. 

35 MR: (CCU, 6) 0.1 (2s, 12H); 0.5-1.1 ((s + m, 20H); 1.1-1.8 (m, 

13H); 1.9-3.1 (s + m, 9H); 3.3-3.7 (s + m, 4H); 3.9-4.2 (m, 1H); 
4.2-4.7 (m, 1H); 5.5-5.9 (s + m, 3H); 6.8-7.5 (m, 4H). 

Fractions 35-44 yielded A6*B-prostaglandin 6,9-deepoxy-ll-0- 
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methyl -[[m-(methylthio)phenyllimi no]-, methyl ester, 1 5 -dimethyl -t- 
butylsilyl ether, R^: 0.61, 

WR: (CCU, 6) 0.05 (s, 6H); 0.9 (s, 12H); 2.5 (s, 3H); 3.3 (s, 
3H); 3.55 (s, 3H); 3.7-4.2 (broad, 2H); 5.4-5.75 (m, 3H); 6.8-7.4 (m, 
5 4H); 1.1-3.7 (m» 19H). 

(b) A e * ^Prostaglandin I ls 6,9-deepoxy-6,9-[[m-(methyl- 
thio)phenyl]imino"l-, methyl ester 
A 600 mg (0.84 mM) quantity of the silyl ether from (a) above, 36 
ml isopropanol, 4.5 ml H 2 0 and 4.5 ml IN HC1 was stirred at room tern- 
10 perature under N 2 in the dark for 1.5 hours. TLC indicated that the 
hydrolysis was progressing cleanly and therefore another 610 mg (0.86 
mM) silyl ether was added as well as 36 ml isopropanol, 4.5 ml H 2 0 and 
4.5 ml IN HC1. The reaction was continued for 5 hours. 

.The reaction mixture was partitioned between EtOAc - 5% NaHC0 3 - 
15 brine. The layers were separated and the organic layer washed with 
brine, dried over MgS0 H and evaporated under vacuum. 

The crude product was chromatographed over 120 g silica gel, 
eluting with 500 ml 60% EtOAc - 40% 5SB and 500 ml of 70% EtOAc - 30% 
SSB. Fractions of 20 ml were collected, analyzing them by TLC. The 
20 product was found in fractions 29-46, which upon combining and evapo- 
rating under vacuum left 0.57 g solid, 69% yield. 

TLC: 60% EtOAc - 40% SSB; silica gel. R f , 0.33. 
IR: C=0 1735; OH - 3300, 3375. 

WR: (CDC1 3 , 5) 0.7-1.0 (t, 3K); 1.1-3.2 (m, 18H);'2.4 (s, 3H); 
25 3.3-3.5 (broad, 1H); 3.6 (s, 3H); 3.6-3.9 (broad, 2H); 3.9-4.2 (broad, 
1H); 4.2-4.6 (q, 1H); 5.6-5.7 (m, 2H); 5.75 (s, 1H); 6.85-7.45 (m, 
4H). 

Example 14 A 6 » ^Prostaglandin 1 1, 6,9-deepoxy-ll-0-methyl-6,9- 
[[m-(methylthio)phenylliminol-, methyl ester 

30 A 250 mg (0.408 mM) quantity of A s , ^prostaglandin Ii, 6,9-de- 

epoxy-ll-0-methyl-[[m-(methylthio)phenyniminol-, methyl ester, 15-di- 
methyl-t -butyl silyl ether, 12 ml isopropanol, 1.5 ml H 2 0 and 1.5 ml 
IN HC1 was stirred at room temperature under nitrogen in the dark for 
6.5 hours. The reaction mixture was partitioned between EtOAc - 15 ml 

35 5% NaHC0 3 - brine. Ihe layers were separated and the EtOAc layer 
washed with brine, dried over MgSOi* and evaporated under vacuum. 

The crude product was chromatographed over 50 g silica gel, elut- 
ing with 40% EtOAc - 60% SSB. Fractions of 20 ml were collected, ana- 
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lazing them by TLC. The product was found in fractions 12-16, which 
upon combining and evaporation under vacuum left 60 mg, 29% yield. 

TLC: lot EtOAc - 90% SSB; silica gel. Rf of starting material: 
0.65. R f of product: 0.20. 
5 IR: OH - 3400 broad; C=0 - 1735. 

MR: (CDC1 3> 6) 0.9 (t, 3H); 2.5 (s, 3H); 3.4 (s, 3H); 3.65 (s, 
3H); 4.0-4.3 (m, 2H); 5.7-5.8 (m. 2H); 5.85 (s, 1H); 6.95-7.5 (ra, 4H); 
1.1-3.3 (ra, 20H). 

Exam P 1e 15 A6'8. Prostaglandin Iu 6 ,9-deepoxy-6, 9- [[m- (methyl - 
10 thio)phenyl]1mino"l-, sodium salt 

A 10 mg (0.021 mM) quantity methyl ester of Example 13(b) was 
reacted at room temperature in the dark with 500 pi MeOH and 35 pi IN 
NaOH for 4 days. The solvent was evaporated under a stream of nitro- 
gen to give the title compound. 

15 TLC: Acid dipped plate; 60% EtOAc - 40% SSB; silica gel; R. of 

product 0.38. * 

Exam P 1e 16 A 6, 8 -Prostaglandin l u 6,9-deepoxy-6,9- (acetyl - 
th1o)phenyl]imino>, methyl ester 
(a) A 2.0 g (3.28 mM) quantity of 6-keto-PGF ia -ll,15-bis-di- 

20 methyl -t-butyl si lyl ether methyl ester, 820 mg (6.56 mM) 4-am1no- 
thiophenol, a small crystal of pyridine hydrochloride, 2 ml MeOH and. 
500 mg MgSO,, was stirred at room temperature under N 2 in the dark for 
22 hours. The reaction mixture was filtered, washing the solid with 
EtOAc. The filtrate was evaporated under vacuum and the residue 

25 chromatographed over 150 g silica gel, eluting with 10% EtOAc - 90% 
SSB. Fractions of 20 ml were collected, analyzing them by TLC. 
Fractions 21-35 gave A 6 ' ^prostaglandin 1 1, 6,9-deepoxy-6,9-rTp-(mer- 
capto)phenyl]1m1no]-, methyl ester which upon combining and evaporat- 
ing left 1.87 g oil, 82% yield. 

30 TLC: 10% EtOAc - 90% SSB; silica gel. R f , 0.75. 

WR: (CC1 H , 6) 0.1 (2s, 12H); 0.6-1.1 (m + s, 20H); 1.1-1.8 (m, 
13H); 1.9-3.1 (m, 6H); 3.2-3.7 (s + m, 5H); 3.9-4.25 (m, 1H); 4.25-4.6 
(m, 1H); 5.4-5.9 (s + m, 3H); 6.9-7.7 (m, 4H). 

(b) A 1.87 g (2.68 mM) quantity of the thiol from (a) 

35 above, 4 ml pyridine and 0.8 ml acetic anhydride was stirred at room 
temperature under N 2 in the dark for 1 hour. A few drops of water 
were added and the reaction mixture was stirred for 15 minutes. It 
was then diluted with EtOAc and washed with IN HC1 , 5% NaHCO, and 
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brine and dried over Na 2 50ij and evaporated under vacuum. 

The crude product was chromatographed over 150 g silica gel, 
eluting with 10% EtOAc - 90% SSB. Fractions of 20 ml were collected, 
analyzing them by TLC. Fractions 25-50 contained A 6 * ^prostaglandin 
5 1 1, 6,9-deepoxy-6,9-CCp-(acetylthio)phenyl limino]-, methyl ester, 
11,15-bis-dimethyl-t-butylsilyl ether. Fractions 25-50 were combined 
and evaporated under vacuum, leaving 1.51 g yellow oil, 76% yield. 
TLC: 10% EtOAc - 90% SSB; silica gel. R f , 0.47. 
WR: (CCU, 6) 0.1 (2s, 12H); 0.6-1.2 (s + m, 21H); 1.2-2.0 (m, 
10 12H); 2.0-3.2 (s + m, 9H), 3.3-3.9 (s + m, 4H); 3.9-4.3 (m, 1H); 
4.3-4.7 (m, 1H); 5.6-6.1 (s + m, 3H); 7.1-7.9 (m, 4H). 

(c) A 1.51 g (2.04 mM) quantity of the silyl ether from 
(b) above, 72 ml isopropanol, 9 ml H 2 0 and 9 ml IN HC1 was stirred at 
room temperature under U z in the dark for 5 hours. The reaction mix- 
15 ture was partitioned between EtOAc - 15 ml 5% NaHC0 3 - brine. The 
layers were separated and the EtOAc layer washed with brine, dried 
over MgSQt* and evaporated under vacuum. 

The crude product was chromatographed over 150 g silica gel, 
eluting with 60% EtOAc - 40% SSB. Fractions of 20 ml were collected, 
20 analyzing them by TLC, Fractions 47-75 contained the pure product and 
were combined and evaporated under vacuum, leaving 680 mg of the title 
product as a solid residue, 65% yield. 

TLC: 60% EtOAc - 40% SSB; silica gel. R f , 0.53. 
IR: OH - 3316.8; 3223.3; C=0 1739.0. 
25 rWR: (CDCI3, 6) 0.7-1.0 (t, 3H); 2.4 (s, 3H); 1.1-3.2 (m, 18H); 

3.3-3.6 (broad, 1H); 3.6 (s, 3H); 3.6-3.9 (broad, 2H); 3.9-4.2 (broad, 
1H); 4.25-4.6 (q, 1H); 5.6-5.75 (m, 2H); 5.75 (s, 1H); 7.2-7.6 (q, 
4H). 

Example 17 A 6 * ^Prostaglandin I i,6,9-[[4-(dimethyl amino)phenyll- 

30 imino]-6,9-deepoxy , methyl ester 

(a) A 1.0 g (1.64 mM) quantity of 6-keto-PGFia-ll,15-bis-di- 
methyl -t- butyl silyl ether, methyl ester, 1 ml MeOH, 418 mg (2 mM) 
N,N-dimethyl-p-phenylene- diamine di hydrochloride and 490 ml (3.5 mM) 
tri ethyl amine were stirred in the presence of 250 mg MgS0 H under N 2 at 

35 room temperature in the dark for 21 hours. The reaction mixture was 
filtered, washing the solid with EtOAc. The filtrate was evaporated 
under vacuum. The crude product was chromatographed over 100 g silica 
gel/ eluting with 10% EtOAc - 90% SSB. Fractions of 20 ml were col- 
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lected, analyzing them by TLC. The product, A & * ^prostaglandin I x , 
6,9-[[4-(d1methyl ami no) phenyl ]-imin6l-6,9-deepoxy , methyl ester, 
11,15-bis-dimethyl-t-butylsilyl ether, was found in fractions 31-64, 
which upon combining and evaporating under vacuum left 690 mg, 59% 
5 yield. 

TLC: 20% EtOAc - 80% SSB; silica gel. R f , 0.80. 
WR: (CCU, 6) o.l (2s, 12H); 0.4-1.1 (2 s + m, 21H); 1.1-1.9 
(m, 12H); 2.0-3.7 (m, 7H); 3.0 (s, 6H); 3.6 (s, 3H), 3.9-4.3 (m, 1H); 
4.3-4.6 (m, 1H); 5.4-5.8 (s + m, 3H); 6.7 (d, 2H); 7.1 (d, 2H). 

10 (b) A 690 mg (0.97 mM) quantity of the silyl ether from (a) 

above, 3 ml THF and 1.23 g (3.9 mM) tetra-n-butyl ammonium fluoride- 
were stirred at room temperature in the dark under N 2 for 66 hours. 
The reaction mixture was partitioned between EtOAc-brine. The layers 
were separated and the aqueous layer reextracted with EtOAc. The 

15 organic layers were dried over MgSOi*, filtered, and evaporated under 
vacuum. The crude product was chromatographed over 80 g silica gel, 
eluting with 80% EtOAc - 20% SSB. Fractions of 20 ml were collected, 
analyzing them by TLC. The title product was found in fractions 19-22 
which upon combining and evaporating under vacuum weighed 300 mg, 64% 

20 yield. 

TLC: 80% EtOAc - 20% SSB; silica gel. R f , 0.62. 
IR: OH - 3246.5, 3253.2, 3343.0; C=0 1738.0. 

MR: (CDC1 3 , 6) 0.67-1.06 (m, 3H); 1.06-1.74 (m, 12H); 1.98-3.80 
(m, 9H); 2.97 (s, 6H); 3.61 (s, 3H); 3.88-4.23 (m, 1H); 4.23-4.62 (m, 

25 1H); 5,48-5.98 (s + m, 3H); 6.74 (d, 2H); 7.11 (d, 2H). 

Example 18 ^Prostaglandin I x , 6,9-[(m-aminophenyl )iminol-6,9- 

deepoxy, methyl ester 
(a) A 1.0 g (1.64 mM) quantity of 6-keto-PGF xc^ll,l5-b1s-di- 
methyl-t-butylsilyl methyl ester, 354 mg (3.28 mM) m-phenylenedi amine, 

30 2 ml MeOH, a small crystal of pyridine -HC1 and 250 mg MgSOi, were 
stirred at room temperature under N 2 in the dark for 18 hours. The 
reaction mixture was filtered, washing the solid with EtOAc. The 
filtrate and wash were evaporated under vacuum and the crude product 
chromatographed over 100 g silica gel, eluting with 20% EtOAc - 80% 

35 SSB. Fractions of 20 ml were collected, analyzing them by TLC. Frac- 
tions 36-70 gave L ' -prostaglandin l x . 6,9-[(m-aminopheny1 )1mino1- 
6,9-deepoxy-, methyl ester-ll,15-bis-dimethyl-t-butylsi lyl ether, 
which upon combining and evaporating under vacuum left 1.23 g, 100% 
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yield. 

TLC: 20% EtOAc - 80% SSB, silica gel. R f> 0.47. 
WR: (CCU, «) 0.0 (d, 12H); 0.8 (s, 21H); 1.0-3.1 (m, 18H); 
3.2-3.4 (m, 1H); 3.45 (s, 3H); 3.5-3.7 (broad, 2H); 3.8-4.2 (broad, 
5 1H); 4.2-4.5 (q, 1H); 5.5-5.7 (m, 3H); 6.3-6.6 (m, 3H); 6.9-7.2 (t, 
1H). . 

(b) A 1.23 g (1.8 mM) quantity of the silyl ether from (a) above, 
5 ml THF and 2.26 g tetra-n-butyl ammoni urn fluoride (7.2 mM) were 
stirred at room temperature under N 2 in the dark for 2 days. The 
10 reaction mixture was partitioned between EtOAc-brine. The layers were 
separated and the aqueous layer reextracted with EtOAc. The organic 
layers were dried over MgS0„, filtered and evaporated under vacuum. 

The crude product was chromatographed over 100 g silica gel, 
eliiting with 80% EtOAc - 20% SSB. Fractions of 20 ml were collected, 
15 analyzing them by TLC. The pure product was found in fractions 34-80, 
which upon combining and evaporating weighed 410 mg, 50% yield. 

TLC: 80% EtOAc - 20% SSB; silica gel. R f , 0.64. 

IR: NH/OH - 3350; C=0 1735. 

WR: (CDC1 3 , 6) 0.8-1.0 (t, 3H); 1.1-3.2 (19H); 3.3-3.6 (broad, 
20 1H); 3.6 (s, 3H); 3.6-4.0 (broad, 3H); 3.9-4.2 (broad, 1H); 4.2-4.6 
(q, 1H); 5.5-5.7 (m, ZH); 5.7 (s, 1H); 6.4-6.7 (m, 3H); 7.0-7.3 (m, 
1H). 

Example 19 . tf> ^-Prostaglandin 1 1, 6,9-[[ra-(dimethylamino)phenyl V 
imino]-6,9-deepoxy-, methyl ester 

25 ( a ) A 1«0 9 (1-54 mM) quantity of e-keto-PGF^-ll.lS-bis-di- 

methyl-t-butyl silyl ether, methyl ester, 1 ml MeOH, 418 mg (2 mM) 
N,N-di methyl -m-phenylene diamine di hydrochloride, 490 ml (3.5 mM) N 
Et 3 and 250 mg MgS0 H was stirred at room temperature under N 2 i" n the 
dark for 24 hours. The reaction mixture was filtered, washing the 

30 solid with EtOAc. The filtrate was evaporated under vacuum. The 
crude product was chromatographed over 100 g silica gel, aluting with 
10% EtOAc - 90% SSB. Fractions of 20 ml were collected, analyzing 
them by TLC. The product, A 6 ' ^prostaglandin 1 1, 6,9-C[m-(dimethyl- 
amino)phenyl]imino]-6,9-deepoxy-, methyl ester-ll,15-bis-dimethyl-t- 

35 butylsilyl ether, was found in fractions 21-40, which upon combining 
and evaporation under vacuum weighed 570 mg, 49% yield. 
TLC: 10% EtOAc - 90% SSB; silica gel. R f , 0.53. 
MIR: (CCK, 5) 0.1 (2s, 12H); 0.6-1.1 (s + m, 20H); 1.1-2.0 (m, 
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13H); 2.0-3.7 (m, 7H); 3.0 (s, 6H); 3.5 (s, 3H); 3.9-4.3 (m, 1H); 

4.3- 4.7 (m, 1H); 5.4-5.9 (m, 3H); 6.4-5.8 (m, 3H); 7.1-7.4 (ra, 1H). 

(b) A 570 mg (0.80 mM) quantity of the silyl ether from (a) 
above, 3 ml THF and 1.10 g (3.5 mM) tetra-n-butyl ammonium fluoride was 
5 stirred at room temperature under N 2 in the dark for 3 days. The 
reaction mixture was partitioned between EtOAc -brine. The layers were 
separated and the aqueous layer reextracted with EtOAc. The organic 
layers were dried over MgSO.,, filtered and evaporated under vacuum. 

The crude product was chromatographed over 70 g silica gel, 
10 elutlng with 70% EtOAc - 30% SSB. Fractions of 20 ml were collected, 
analyzing them by TLC. The title product was found in fractions 
31-52, which upon combining and evaporating under vacuum weighed 170 
mg, 44% yield. 

TLC: 80% EtOAc - 20% SSB; silica gel. R f , 0.57. 
15 IR: C=0 1742.7; OH - 3383.5, 3305.3. 

MR: (CDC1 3 , 6) 0.6-0.98 (m, 3H); 0.98-1.80 (m, 12H); 1.90-2.29 
(m, 2H); 2.29-3.78 (m, 7H); 2.88 (s, 6H) ; 3.53 (s, 3H); 3.83-4.18 (m, 
1H); 4.18-4.57 (m, 1H); 5.40-5.90 ((s + m, 3H); 6.30-6.83 (m, 3H); 

7.04- 7.40 (m, 1H). 

20 Example 20 h*> ^-Prostaglandin I u 6,9-[[4-(ethoxy)phenyl Uminol- 
6,9-deepoxy-, methyl ester 

(a) A 1.0 g (1.64 mM) quantity of 6-keto-PGF m-ll.lS-bis-di- 
methyl-t -butyl silyl ether, methyl ester, 249 mg (2.0 mM) m-phen- 
etidine, a small crystal of pyridine hydrochloride, 1 ml methanol and 

25 250 mg magnesium sulfate were stirred at room temperature under nitro- 
gen in the dark for 18 hours. The reaction mixture was filtered, 
washing the solid with EtOAc. The filtrate was evaporated to dryness 
under vacuum. The residue was chromatographed over 120 g silica gel, 
eluting with 10% EtOAc - 90% SSB. Fractions of 20 ml were collected, 

30 analyzing them by TLC. Fractions 10-23 were combined and evaporated 
to give AG.e. prostaglandin lu 6,9-[[4-(ethoxy)phenyniminol-6,9-de- 
epoxy-, methyl ester, 11,15-bis-dimethyl-t-butylsilyl ether. 
TLC: 10% EtOAc - 90% SSB, silica gel. R f , 0.17. 
WR: (CC1 M 6) 0.0 (d, 12H); 0.9 (s, 21H); 1.1-3.1 (m, 17H); 

35 1.3-1.5 (t, 3H); 3.3-3.5 (m, 2H); 3.5 (s, 3H); 3.8-4.2 (q, 2H); 3.8- 
4.2 (broad, 1H); 4.3-4.5 (q, 1H); 5.5-5.7 (m, 3H); 6.6-6.9 (m, 3H); 
7.1-7.4 (m, 1H). 

(b) A 580 mg (0.82 mM) quantity of the silyl ether from (a) 



0077209 



-38- 3615A-1A 
above, (3.4 mM) tetra-n-butyl ammonium fluoride and 5 ml THF were 
stirred at 0°C under nitrogen in the dark for 2 hours and at room 
temperature for one day. It was then stored in the freezer for 9 days 
and again reacted at room temperature for one day. Hie reaction mix- 
5 ture was partitioned between EtOAc-brine. The layers were separated 
and the aqueous layer reextracted with EtOAc. The organic layers were 
dried over MgSO*, filtered, and evaporated under vacuum. 

The crude product was chromatographed over 60 g silica gel, elut- 
ing with 60% EtOAc - 40%'SSB. Fractions of 20 ml were collected, ana- 
10 lyzing them by TLC. Product was found in fractions 18-36, which upon 
combining and evaporating weighed 360 mg, 91% yield. 

TLC: 70% EtOAc - 30% SSB, silica gel. R f of product, 0.56. 
IR: 3350 - OH; 1740 C=0. 

MR: (CDC1 3 , 6) 0.8-1.0 (t, 3H); 1.1-3.1 (m, 19H); 1.3-1.5 (t, 
15 3H); 3.2-3.5 (broad, 2H); 3.6 (s, 3H); 3.9-4.2 (q, 2H); 3.9-4.2 
(broad, 1H); 4.3-4.5 (q, 1H); 5.6-5.7 (m, 2H); 5.8 (s, 1H); 6.7-6.9 
(m, 3H); 7.2-7.5 (t, 1H). 

Example 21 A 6 ' ^Prostaglandin l u 6,9-deepoxy-6,9-[(m-thioacety1 
phenyl )imi no]-, methyl ester 
"M ( a ) A 1.0 g (1.64 mM) quantity of e-keto-PGFja-lUlS-bis-di - 

methyl -t-butylsilyl ether, methyl ester, 410 mg (3.28 mM) 3-amino- 
thiophenol, a small crystal of pyridine -HC1 , 1 ml MeOH and 250 mg 
MgS0 H were stirred at room temperature under N 2 in the dark for 23 
hours. The reactionmixture was filtered, washing solid with EtOAc. 

25 The filtrate was evaporated under vacuum. Then the crude product was 
chromatographed over 100 g silica gel, eluting with 10% EtOAc - 90% 
SSB. Fractions of 20 ml were collected, analyzing them by TLC. 
A e * ^Prostaglandin I x , 6,9-deepo^y-6,9-[( m -mercaptophenyl )imi nol-, 
methyl ester, 11,15-bis-dimethyl -t-butylsilyl ether was found in frac- 

30 tions 16-28, which upon combining and evaporation weighed 0.90 g, 79% 
yield. . 

TLC: 10%Et0Ac - 90% SSB; silica gel. R f , 0.51. 

WR: (CCU, 6) 0.1 (2s, 12H); 0.7-1.2 (s + m, 19H); 1.2-2.1 (m, 
14H), 2.1-3.9 (m, 8H); 3.6 (s, 3H); 4.0-4.3 (m, 1H); 4.3-4.7 (m, 1H); 
35 5.5-6.1 (s + m, 3H); 6.9-7.8 (m, 3H) . 

(b) An 860 mg (1.23 mM) quantity of the thiol from (a) above, 2 
ml pyridine and 0.4 ml acetic anhydrie were stirred at room tempera- 
ture under N 2 in the dark for 30 minutes, when TLC showed the reaction 
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tobe complete. Then a dropof water was added and the reaction mixture 
was stirred for 15 minutes. The reaction mixture was diluted with 
EtOAc and washed with IN HC1 , 5% NaHC0 3 and brine. The organic phase 
was then dried over Na 2 S0\ and evaporated under vacuum. 
5 The crude product was combined with the crue product of another 

run (300 mg starting thiophenol) and was chromatographed over 100 g 
silica gel, eluting with 10% EtOAc - 90% SSB. Fractions of 20 ml were 
collected, analyzing them by TIC. The product, 8_ pros taglandin I lf 
6,9-deepoxy-[(m-thioacetylphenyl)iminol-, methyl ester, 11,15-bis-di- 
10 methyl -t-butylsi lyl ether, was found in fractions 29-47 and upon com- 
bining and evaporating weighed 690 mg, 56% yield. 

TLC: 10% EtOAc - 90% SSB; silica gel. R f , 0.49. 
MR: (CCU, 6) 0.1 (s), 0.6-1.2 (s + m), 1.2-1.9 (m); 1.9-3.2 
(m); 2.4 (s); 3.3-3.8 (m); 3.6 (s); 3.9-4.5 (m); 4.5-4.7 (m); 5.4-6.0 
15 (s + m), 6.8-7.7 (m). 

(c) A 490 mg (0.66 mM) quantity of the silyl ether from (b) above 
was stirred at room temperature under N 2 in the dark in 24 ml isoprop- 
anol, 3 ml H 2 0 and 3 ml IN HC1 for 5 hours. The reaction mixture was 
diluted with EtOAc and washed with 5% NaHC0 3 and brine. The organic 
20 layer was dried over Na 2 S0,, and evaporated. The crude product was 
chromatographed over 50 g silica gel, eluting with 60% EtOAc - 40% 
SSB. Fractions of 20 ml were collected, analyzing them by TLC. Frac- 
tions 14-40 contained the product and were combined and evaporated, 
the residue weighed 90 mg, 27% yield. 
25 TLC: 60% EtOAc - 40% SSB; silica gel. R f , 0.53. 

WR: (CC1 H , 5) 0.63-1.09 (m, 3H); 1.09-1.8 (m, 12H); i.8-3.2 (s 
+ m, 9H); 3.2-4.6 (s + m, 8H); 5.41-5.87 (s + m, 3H); 7.0-7.7 (m, 4H). 
Example 22 (a) 2-Decarboxy-2-hydroxymethyl-6,9-deepoxy-6,9-C3- 

methylthio)-phenyl)-imino-A6»8. Prostag1andin Iu 11,15. 
30 b1s(t-butyldimethylsilyl ether) 

A solution of 0.314 g (0.44 mM) of ester, 6,9-deepoxy-6,9-[3- 
(methylthio)phenyl)iminol-A6.8. Prostag1andin u> methyl ester) 

b1s-d1 methyl -t-butylsi lyl ether in 3 ml of toluene was cooled under 
argon in a dry 1ce/acetone bath and treated dropwise with 0.69 ml (1.1 
35 mM) of 25% dUsobutyl aluminum hydride in toluene. After one hour, 0.4 
ml (0.6 mM) more of 25% di isobutyl alumi ni urn " hydride in toluene was 
added, and after another hour the reaction was warmed to 0»C and again 
0.4 ml (0.6 mM) of the aluminum hydride reagent was added. Thirty 
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minutes later the reaction appeared complete by TLC. It was then 
quenched with 0.5 ml of water, and stirred in the presence of air at 
0°C to room temperature overnight. After diluting with ethyl acetate 
and filtering through Celatom (diatomaceous earth), the reaction was 
5 washed twice with brine. The aqueous layers were reextracted with 
ethyl acetate. The combined organic solutions were dried over anhy- 
drous sodium sulfate and evaporated to give 280 mg of oil. Purifica- 
tion was accomplished by column chromatography on 30 g of silica gel 
60 with a (20-80) ethyl acetate-hexane eluant. Fractions of 15 ml 
10 were collected. The colorless oily product was found in fractions 
10-16. A 43% yield (129 mg) was obtained. 

MR: (CDC1 3> TMS) 6 0.1 (s, 12H); 0.6-1.1 (2 s + m, 21H); 1.1- 
1.84 (m, 15H); 2.30-3.13 (s + m, 7H); 3.33-3.78 (m, 3H); 3.94-4.34 (m, 
1H); 4.34-4.77 (m, 1H); 5.50-6.00 (s + m, 3H); 6.93-7.54 (m, 4H). 
15 IR (film): 3340, 2920, 2850, 1585, 1480, 1360, 1250, 1070, 970, 

840, 780 cnf 1. 

TLC: 20% EtOAc - 80% S5B; silica gel. R f , 0.25. 

(b) 2-Decarboxy-2-hydroxymethyl-6,9-deepoxy-6,9-[3- 
(methyl t hi o) -phenyl )-imino-A s * ^Prostaglandin U 
20 A 129 mg (0.19 mM) quantity of the alcohol from (a) above, 2 ml 

of THF, and 0.223 g (0.71 mM) of tetra-n-butyl ammonium fluoride tri- 
hydrate were combined in a flask under argon. The mixture was stirred 
in the dark at room temperature for 46 hours, diluted with EtOAc, and 
washed twice with brine. The aqueous layers were reextracted. Drying 
25 (sodium sulfate) and evaporation of the combined EtOAc solutions left 
0.23 g of brown oil. Column chromatography was done on 20 g of silica 
gel 60 which had been sonicated with nitrogen purged solvent. The 
eluant was 50% acetone - 50% hexane and 5-10 ml fractions were collec- 
ted. The desired product, a dark gold waxy solid, was contained in 
30 fractions 9-16. A yield of 73% (62.8 mg) was obtained. 

mR (C0C1 3 , TMS) : 6 0.7-1.11 (m, 3H); 1.11-1.80 (m, 14H); 1.94- 
3.23 (s + m, 10H); 3.31-3.80 (m, 3H), 3.94-4.29 (m, 1H); 4.29-4.72 (m, 
1H); 5.61-6.00 (s + m, 3H); 6.90-7.68 (m, 4H). 

IR (film): 3320, 2915, 2850, 1585, 1480, 1060, 970, 790, 700 

35 cnfl. 

TLC: 50% acetone - 50% hexane; silica gel. R f , 0.36. 
Example 23 (a) 6,9-Deepoxy-6,9-(3-methylthiophenyl imino)-A 6, 8 - 

prostaglandin Ii, monomethyl amide, bis(t-butyl dimethyl- 
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silyl ether) 

A 0.216 g (0.31 mM) quantity of acid, 6,9-deepoxy-6,9-C3-((meth- 
ylthio)phenyl)imino;M 6 ' ^prostaglandin I lt Il,l5-b1s-dimethyl-t- 
butylsilyl ether, dissolved in 3 ml of THF under argon was treated 
5 with 85 ul (0.61 mM) of tri ethyl amine and 60 pi (0.62 mM) of isobutyl 
chloroformate. After stirring in the dark at room temperature for 130 
minutes, 0.9 ml of condensed monomethyl amine was allowed to bubble 
into the reaction. The mixture was stirred in the dark at room 
temperature for 17 hours, diluted with methylene chloride and water, 
10 and washed with IN HC1, 5% sodium bicarbonate, and brine. Drying 
(sodium sulfate) and evaporation gave 0.3 g of brown oil. The oil was 
chromatographed on 20 g of silica gel 60 elutlng with 50% EtOAc - 50% 
hexane, collecting 10 ml fractions. 

Fractions 9-20 contained 0.178 g (81% yield) of the title ccm- 
15 pound as a waxy light yellow solid. 

MR: (C0C1 3 , TMS) 6 0.1 (s, 12H); 0.7-1.13 (2 s + m, 20H); 
1.13-1.9 (m, 13H); 1.9-2.27 (m, 2H); 2.3-3.12 (s + m, 10H); 3.38-3.66 
(m, 1H); 3.95-4.3 (m, 1H); 4.3-4.67 (m, 1H); 5.45-6.0 (m, 4H); 6.92- 
7.6 (m, 4H). 

20 IR (film): 3230, 3055, 2915, 2850, 1690, 1580, 1480, 1360, 1250, 

1080, 835, 775 cm"*. 

TIC:. 50% EtOAc - 50% SSB; silica gel. R f , 0.38. 

(b) 6,9-Deepoxy-6,9-(3-methylthiophenylimino)-A 6 ' 8 - 
prostaglandin I lt monomethyl amide 

25 A solution of 0.18 g (0.25 mM) of the amide from (a) above in 2.3 

ml of THF was charged with 0.261 g (0.83 mM) of tetra-n-butyl ammonium 
fluoride trihydrate. The mixture was stirred under argon in the dark 
at room temperature for 53 hours. The reaction was diluted with EtOAc 
and washed twice with brine, reextracting the aqueous layers. The 

30 combined organic layers were dried (sodium sulfate) and concentrated 
in vacuo. Tne resulting oil was chromatographed on 20 g of silica gel 
60 which had been sonicated with nitrogen purged solvent. Elution was 
done with 40% acetone - 60% methylene chloride and 60% acetone - 40% 
methylene chloride, and 10 ml fractions were collected. The product, 

35 a tan sticky solid, was isolated from fractions 13-31 by solvent 
removal. A 77% yield (92% mg) was realized. 

N1R: (CDCI3, TMS) 5 0.68-1.09 (m, 3H); 1.09-1.87 (m, 12H); 
1.87-2.22 (m, 2H); 2.22-3.76 (m + s + d, 13H); 3.94-4.30 (m, 1H); 
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4.30-4.68 (m, 1H); 5.48-6.12 (m, 4H); 6.90-7.61 (m, 4H). 

IR (film): 3270, 2915, 2850, 1640, 1585, 1480, 1060, 970, 910, 
790, 735 cm" 1 . 

TLC: 40% acetone - 60% methylene chloride; silica gel. R f , 

5 0.26. 

Example 24 2-Decarboxy-2-chloromethyl-6,9-deepo)V-6,9-[3-(methyl- 
thio)-phenyl]-imino- A 6 ' ^prostaglandin Ii, bis(t-bu- 
tyl dimethyl silyl ether) 
Dichlorotriphenylphosphorane was prepared by refluxing 0.38 g 

10 (1.46 mMO of triphenylphonphine, 0.347 g (1.46 mM) of hexachloroethane 
and 14 ml of dry distilled acetonitrile in a dry flaslc under argon for 
one hour. After cooling the solvent was removed in vacuo. The oily 
residue was treated with 0.491 g (0.72 mM) of the alcohol of Example 
22(a) dissolved in 15 ml of dry distilled THF. The reaction was 

15 stirred 20 minutes at room temperature and poured into water /methylene 
chloride. The water layer was extracted with more methylene chloride, 
and the combined lower layers were washed with brine (3 times), 5% 
sodium bicarbonate, and brine. Drying (sodium sulfate) and concentra- 
tion afforded 0.91 g of tan solid. The material was chromatographed 

20 on 30 g of silica gel 60, eluting with 15% EtOAc - 85% hexane, taking 
15 ml fractions. A yellow oil weighing 0.50 g (99% yield) was 
obtained from fractions 3-5. 

WR: (CDC1 3 , TOS) 6 0.1 (s, 12H); 0.67-1.10 (2 s + m, 19H); 
1.10-1.94 (m, 16H); 2.30-3.14 (s + m, 7H); 3.30-3.74 (m, 3H); 3.90- 

25 4.30 (m, 1H); 4.30-4.72 (m, 1H); 5.58-6.00 (s + m, 3H); 6.90-7.55 (m s 
4H). 

IR (film): 2930, 2850, 1585, 1480, 1360, 1255, 1080, 965, 838, 
777 cm" 1 . 

TLC: 50% toluene - 50% SSB; silica gel. R f , 0.58. 
30 Example 25 (a) 9-Deepoxy-6,9-[[m-(methylthio)phenynimino1-PGI lt 
bis-t -butyl dimethyl silyl ether 
A 1.02 g (1.43 mM) quantity of 6,9-deepoxy-6,9-H3-( (methyl thi o)- 
phenyl )imi no ]-a6' 8_p ros taglandin Iz, methyl ester, 11,15-bis-dimethyl- 
t-butyl silyl ether was dissolved in 10 ml of methanol and 10 ml of 
35 THF. The solution was treated with 3 ml of N NaOH and stirred at 25* 
for 19 hr. The reaction was then diluted with methylene chloride and 
1 NHC1. The aqueous layer was separated and re-extracted with methyl- 
ene chloride. The combined methylene chloride solutions were washed 
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with saturated brine, dried over magnesium sulfate, and filtered. The 
filtrate was concentrated under vacuum leaving 0.97 g of the title 
product. 

fMR: (CDC1 3 , IMS) 6 0.05-0.15 (M, 12 H); 0.65-1.1 (m, 21H); 
5 1.0-2.0 (m, 12H); 2.05-3.1 (m, 6); 2.50 (s, 3H); 3.3-3.6 (m,lH); 
3.95-4.3 (m, 1H); 4.3-4.7 (bq, 1H); 5.6-5.95 (m, 3H); 6.9-7.55 (m, 
4H). 

TLC: 10% ethyl acetate - 90% SSB (plate pre-dipped in (5-95) 
acetic acid-methyl en e chloride and then air dried); silica gel. R f , 
10 0.65. 

(b) S-Deepoxy-e.g-CCm-CmethylthioJphenylUmlnol-PGI 1 , 
N.N-dimethyl amide, 11,15-bis-t-butyldimethylsi lyl 
ether 

A 200 mg (0.29 mM) quantity of the acid from (a) above was dis- 

15 solved in 3 ml of THF and the solution treated with 120 ul (87 mg, 
0.85 mM) of trlethylamine and 41 ul (43 mg, 0.32 mM) of Isobutyl 
chloroformate. The mixture was stirred at 25° for 30 minutes and then 
treated with 45 mg (0.55 mM) of dimethyl amine hydrochloride. After 17 
hours the reaction was partitioned between ether and 5% aqueous sodium 

20 bicarbonate solution. The ether layer was separated, washed with IN 
HC1 and dried over magnesium sulfate. Concentration of the solvent 
under vacuum left 142 mg of crude product. This was chromatographed 
over a size B E. Merck Lobar silica gel column eluted with 40%/60% 
ethyl acetate-n-hexane. Twelve ml fractions were collected. The 

25 title product was found by TLC to be 1n fractions 29 to 39. Concen- 
tration of these fractions left 96 mg of product. 

WR: (C0C1 3 , TMS) w 0.05-0.15 (m, 12H); 0.65-1.1 (m, 21H); 
1.15-1.8 (m, 12H); 2.1-3.1 (M, 6H); 2.50 (s, 3H); 2.92 (s, 3H); 2.97 
(s, 3H); 3.4-3.6 (m.'lH); 3.95-4.3 (m, 1H); 4.3-4.6 (m, 1H); 5.6-5.95 

30 (m, 3H); 6.9-7.5 (m, 4H). 

TLC: 40% EtOAc - 60% SSB; silica gel. R f , 0.39. 

(c) 9-Deepoxy-6,9-[[m-methylthio)phenynim1nol-PGI l , 
N.N-dimethyl amide 

A 96 mg (0.14 mM) quantity of bis-t-butyl dimethylsllyl ether 

35 dimethyl amide of (b) above was dissolved in 1 ml of dry THF and the 

solution treated with 161 mg (0.51 mM) of tetrabutyl ammonium fluoride 

trihydrate. After 70 hours the reaction was concentrated under vacuum 

and the residue added to the top of a 5 g silica gel 60 column. The 
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column was eluted with 40% acetone - 60% methylene chloride, collect- 
ing 2 ml fractions. The product was found by TLC in fractions 11-16. 
Concentration of these fractions under vacuum left 46 mg of product. 
MR: (CDC1 3 , TMS) w 0.7-1.05 (m, 3H); 1.05-1.85 (m, 12H); 
5 1.95-3.2 (m, 8H); 2.52 (s, 3H); 2-93 (s, 3H); 2.97 (s, 3H); 3.2-3.6 
(m, 1H); 3.9-4.25 (m, IK); 4.3-4.7 (m, 1H); 5.6-5.95 (m, 3H); 6.85-7.6 
(m, 4H). 

TLC: R f , 0.26 in ethyl acetate; R f , 0.46 in 40% acetone - 60% 
methylene chloride; silica gel. 
10 Example 26 (a) 9-Deepoxy-6 J 9-[[ia-(methylthio)phenynitn1nol-PGl l , 
amide, bist-t-butyldimethylsi lyl ether 
A 203 mg (0.29 mM) quantity of bis-t-butyl dimethyl si lyl ether, 
acid from Example 25(a) was dissolved in 3 ml of dry THF and the solu- 
tion treated with 81 ul (59 mg, 0.58 mM) of triethylamine and 57 pi 
15 (60 mg, 0.44 mM) of isobutylchloroformate. After the reaction was 
stirred 2 hours at 25% 1 ml of liquid ammonia was allowed to evapo- 
rate and was bubbled through the reaction mixture. The reaction was 
then stirred an additional 22 hours, after which it was poured into 
methylene chloride and water. The methylene chloride layer was sepa- 
20 rated and was washed with IN HC1 , 5% aqueous sodium bicarbonate solu- 
tion, and dried over magnesium sulfate. Concentration of the filtered 
solution under vacuum left 230 mg of crystalline solid. This was 
chromatographed over 10 g of silica gel 60 eluting with 65%/35% ethyl 
acetate-n-hexane. Five ml fractions were collected. The product was 
25 found by TLC in fractions 9-20. Concentrations of these fractions 
under vacuum left 150 mg of the title product. 

TLC: 65%/35% ethyl acetate-n-hexane; silica gel. R f , 0.27. 

(b) 9-Deepoxy-6,9-[[m-(methylthio)phenynimino-PGI 1 , 
amide 

30 A 150 mg (0.21 mM) quantity of the amide from (a) above was dis- 

solved 1n 2 ml of dry THF and the solution treated with 225 mg (0.71 
mM) of tetra-n-butyl ammonium fluoride trihydrate. After stirring 3 
days at 25°, the reaction was concentrated under vacuum and the resi- 
due chromatographed over 10 g of silica gel 60. The column was eluted 

35 with 50% acetone - 50% methylene chloride, collecting 5 ml fractions. 
The product was found by TLC in fractions 9-24. Concentration of 
these fractions under vacuum left 69 mg of product. 

MR: (CDC1 3 , TMS) w 0.7-1.1 (m, 3H); 1.1-1.9 (m, 12H); 1.95-2.3 



0077209 



-45- 3615A-1A 

< (m, 2H); 2.3-3.15 (m, 6H); 2.50 (s, 3H); 3.3-3.7 (m f 1H); 3.9-4,3 (m, 
1H); 4.3-4.7 (m, 1H); 5.6-6.1 (m, 5H); 6.9-7.55 (m, 4H). 

TLC: 50% acetone - 50% methylene chloride; silica gel. R f , 

0.30. 

5 Example 27 (a) 9-Deepoxy-6,9-[[m-(methylthio)phenyl limino-PGIi, 
bis-t-butyl dimethylsi lyl ether, n-heptyl amide 
A 184 mg (0.26 raM) quantity of bis-t-butyl dimethylsilyl ether, 
acid from Example 25(a) was dissolved in 3 ml of dry TWF and the 
solution treated with 120 pi (87 mg, 0.85 mM) of triethylamine and 41 

10 pi (43 mg, 0.32 mM) of isobutylchloroformate. The mixture was stirred 
for 30 minutes at 25° under an Ar atmosphere and then treated with 78 
pi (60.5 mg, 0.53 mM) of n-heptyl amine. After 17 hours the reaction 
was poured into methylene chloride and extracted with IN HC1 and 5% 
aqueous sodium bicarbonate solution. Hie methylene chloride layer was 

15 then dried over magnesium sulfate, filtered, and concentrated under 
vacuum leaving 210 mg of crude product. Hiis was chromatographed over 
an E. Merck Lobar size B silica gel 60 column eluted with 30%/70% 
ethyl acetate-n-hexane. Twelve ml fractions were collected. The 
product was found by TLC in fractions 19-25. Concentration of these 

20 fractions left 150 mg of product. 

NMR: (CDC1 3 , TMS) 0.05-0.15 (m, 12H); 0.5-1.05 (m, 24H); 
1.05-1.85 (m, 22H); 1.85-2.3 (m, 2); 2.3-3.35 (m, 6H); 2.52 (s, 3H); 
3.35-3.6 (m, 1H); 3.9-4.3 (m, 1H); 4.3-4.65 (m, 1H); 5.2-5.95 (m, 4H); 
6.85-7.6 (m, 4H). 

25 TLC: 20%/80% ethyl acetate-n-hexane; silica gel. R f , 0.29. 

(b) 9-Deepoxy-6,9-[[m-(methylthio)phenyllimino1-PGI l , 
n-heptyl amide 

A 150 mg (0.19 mM) quantity of bis-t-butyl dimethylsilyl ether, 
n-heptyl amide from (a) above, was dissolved in 2.0 ml of THF and the 

30 solution treated with 216 mg (0.69 mM) of tetra-n-butyl ammonium 
fluoride trihydrate. The reaction was then concentrated under vacuum 
and the residue chromatographed over 10 g of silica gel 60, eluting 
with 25% acetone - 75% methylene chloride. Five ml fractions were 
collected. The product was found by TLC in fractions 10-18. Concen- 

35 tration of these fractions under vacuum gave 96 mg of product. 

WR: (CDC1 3 , TMS) w 0.65-1.1 (m, 6H); 1.1-1.85 (m, 22H); 1.85- 
2.25 (m, 2H); 2.3-3.35 (m, 8H); 2.50 (s, 3H); 3.35-3.7 (m, 1H); 3.9- 
4.25 (m, 1H); 4.25-4.7 (m, 1H); 5.4-6.0 (m, 4H); 6.85-7.55 (m, 4H). 
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(TLC: 25% acetone - 75% methylene chloride; silica gel. R f , 

0.37, 

Example 28 (a) 9-0eepoxy-6,9-[[o-(methylthio)phenyniminol-PGI x , 
methyl ester, bi s-t-butyl dimethyl si lyl ether 
5 A mixture of (3.27 mM) quantity of 6-keto-PGExa methyl ester, 

11 ,15-bi s-t-butyl dimethylsi lyl ether, a 0.46 g (3.30 mM) quantity of 
2-methyl thioaniline, a crystal of pyridine hydrochloride and a 0.50 g 
quantity of anhydrous magnesium sulfate was added to 2 ml of methanol 
and was stirred at 25° under a N 2 atmoshere. After 24 hours the reac- 

10 tion was filtered and the solids washed with ethyl acetate. The com- 
bined filtrates were concentrated under vacuum and the residue chro- 
matographed over 150 g of silica gel 60, eluting with 10% EtOAc - 90% 
SSB. Twenty ml fractions were collected. Fractions 13-26 were con- 
centrated leaving 790 mg of material which contained the desired prod- 

15 uct. 

(b ) 9-Deepo*y-6 ,9- [[o- (methyl t hi o) phenyl limi no*]-P GI x , 
methyl ester 

1.06 g of the material from (a) above was dissolved in 48 ml of 
isopropanol, 6 ml of water and 6 ml of IN HC1 . The resultant solution 

20 was stirred in the dark at 25° for 7 hours. The reaction was then 
partitioned between ethyl acetate and 5% aqueous sodium bicarbonate. 
The ethyl acetate layer was washed with brine, dried over magnesium 
sulfate and filtered. Concentration of the ethyl acetate solution 
under vacuum left a residue as a dark oil which was chromatographed 

25 over 100 g of silica gel 60. Ihe column was eluted vertically with 
500 mol of (20-80), 500 ml of (30-70), 500 ml of (40-60), 500 ml of 
(50-50), 500 ml of (60-40), 500 ml of (70-30), and 500 ml of (80-20) 
EtOAc-SSB. Twenty ml fractions were collected. The title product was 
found by TLC in fractions 136-160. Concentration of these fractions 

30 under vacuum left 100 mg of the title product. 

WR: (CDC1 3 » "MS) W 0.6-1.0 (m, 3H); 1.0-1.9 (m, 12H); 1.9-3.0 
(m, 8H); 2.35 (s, 3H); 3.3-3.7 (m, 1H); 3.63 (s, 3H); 3.8-4.2 (m, 1H); 
4.2-4.6 (m, 1H); 5.4-5.9 (m, 3H); 7.0-7.6 (m, 4H). 

TLC: 404 EtOAc - 60% SSB; silica gel. R f , 0.23. 

35 IR (film): 3400, 1735 cm" 1 . 
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CLAIMS 



1. A compound of the formula 




10 

wherein Z is 

(a) -C0 2 R 8 wherein R 8 is a pharmaceutical ly acceptable metal 
cation, hydrogen, a straight or branched alkyl group having from 1 to 
6 carbon atoms, phenyl, phenyl substituted in any position with from 1 

15 to 3 substituents selected from chlorine or a straight or branched 
alkyl group having from 1 to 3 carbon atoms, or phenyl substituted in 
the para-position with -NHC0R 10 , -C0R u , -0COR X2 , or -CH=NNHC0NH 2 
wherein R i0 is methyl, phenyl, acetamidophenyl , benzamidophenyl , or 
amino; R lx is methyl, methoxy, phenyl or amino; and R 12 is phenyl or 

20 acetamidophenyl ; 

(b) -C0NR 13 Rm wherein each of R 13 and R 1H is the same or 
different and is hydrogen, an alkyl group having from 1 to 8 carbon 
atoms, phenyl or benzyl; 

(c) -CH 2 0R 5 wherein R 5 is hydrogen, a straight or branched alkyl 
25 group having from 1 to 6 carbon atoms, benzoyl, a straight or branched 

alkanoyl group having from 2 to 5 carbon atoms, tetrahydropyranyl , 
trimethylsilyl , tert-butyldimethylsi Tyl , or 




wherein K is a straight or branched alkyl group having from 1 to 6 
carbon atoms, fluorine, chlorine, bromine, trifluoromethyl , a. straight 
or branched alkoxy group having from 1 to 4 carbon atoms, phenyl, an 
35 alkanoyl group having from 2 to 5 carbon atoms, an alkanoyl ami do group 
having from 2 to 5 carbon atoms, nitro, or 

(1) -C0 2 R 8 wherein R 8 has the meaning defined hereinabove; 
(ii) -CH 2 0R 19 , -0R l9 , or -SR 19 wherein R 19 is hydrogen, a 
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straight or branched alkyl group having from 1 to 6 carbon atoms, an 
alkanoyl group having from 2 to 5 carbon atoms, benzoyl, benzyl, 
trimethylsilyl , tert -butyl dimethyl silyl or tetrahydropyranyl ; or 

(iii) -NR 20 R 21 wherein each of R 20 and R 2 i is the same or 
5 different and is hydrogen or an alkyl group having from 1 to 6 carbon 
atoms;. 

and m is zero to 3 with the provisos that when K is phenyl, C0 2 R Q or 
-CH 2 0R 19 , m is 1, and when K is -0R 19 or -SR 19 , m is 1 or 2; or 

10 /NH-N 
(d) -C. II ; 
N-N 

wherein Y is -CH 2 CH 2 -, cis- or trans-CH=CH-, or -CH 2 CF 2 ; 

wherein X is -(CH 2 ) wherein n is 1 to 5; 
15 ^ n 

wherein R x is hydrogen, a straight or branched alkyl group having from 
1 to 6 carbon atoms, a cycloalkyl group having from 3 to 7 carbon 
atoms, a bicycloalkyl group having from 6 to 10 carbon atoms, or 



wherein b is zero or 1, and each of K and m has the meaning defined 
hereinabove; 



wherein P is hydrogen, ~0R 5 or ~CH 2 0R 5 wherein R 5 has the meaning 
defined hereinabove; 

wherein A is -CH 2 CH 2 -, cis- or trans-CH=CH- or -C=C-; 

wherein R 2 is H,H; =0; a-R H ,0-OR 5 ; or a-ORs^-Rt* wherein R^ is hydro- 
gen or an alkyl group having from 1 to 4 carbon atoms, and R 5 has the 
meaning defined hereinabove; and 

wherein R 3 is cis-2-pentenyl , -C(R 6 )(R 7 )-B-E or -C(R e ) (R 7 )C q H 2q CH 3 
wherein 3 is a bond, o;ca, or an alkylene moiety having from 1 to 6 
carbon atoms; E is 



20 




25 
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wherein each of K and m has the meaning defined hereinabove; q is 1 to 
5 4; and each of R $ and R 7 is hydrogen, fluorine or an alkyl group hav- 
ing from 1 to 4 carbon atoms with the provisos that when R 6 is fluor- 
ine, R 7 is either hydrogen or fluorine, and when B is oxa, each of R 6 
and R 7 is other than fluorine; and pharmaceutical ly acceptable salts 
thereof with the further overall proviso that each compound is other 
10 than one formed when the substituent groups Z, X, R l4 P, R 2 and R 3 
have the following meanings: 
wherein Z is 

(a) -C0 2 R 8 wherein R 8 has the meaning defined hereinabove; 

(b) -C0NR 13 R ll4 wherein each of R 13 and R llf is hydrogen, an alkyl 
15 group having from 1 to 6 carbon atoms, phenyl or benzyl; 

(c) -CH 2 0R 5 wherein R 5 1s hydrogen, a straight or branched alkyl 
group having from 1 to 6 carbon atoms, benzoyl or an alkanoyl group 
having 2 carbon atoms; 

20 wherein X is -(CH 2 ) n and n is 2 or 4; 

wherein Y is -CH 2 CH 2 -; trans -CH=CH-; or -CH 2 CF 2 ; 

wherein R x is hydrogen, a straight or branched alkyl group having 
25 from 1 to 4 carbon atoms, a cycloalkyl group having from 3 to 7 carbon 
atoms or 




30 wherein K is a straight or branched alkyl group having from 1 to 3 
carbon atoms, fluorine, chlorine, tri fluoromethyl , an alkoxy group 
having 1 carbon atom, phenyl, -C0 2 R 8 wherein R 8 has the meaning 
defined hereinabove, or -CH 2 0R 19 wherein R 19 is hydrogen, a straight 
or branched alkyl group having from 1 to 6 carbon atoms, an alkanoyl 

35 group having 2 carbon atoms, or benzoyl; and m is zero to 3 with the 
proviso that when K is -C0 2 R 8 , -CH 2 0R ig or phenyl, m is 1; 



wherein P is hydrogen, ~0R 5 or ~CH 2 0R 5 and each R 5 is hydrogen; 
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wherein R 2 is H,H; =0; a^,p-0R 5 ; or a-OR s ,0-R If wherein each R 4 
is hydrogen or an alkyl group having from 1 to 3 carbon atoms; and 
each R 5 1s hydrogen, an alkyl group having 1 carbon atom, or an alkan- 
5 oyl group having 2 carbon atoms; and 

wherein R 3 has the meaning defined hereinabove except that K as 
used therein has the following meaning: a straight or branched alkyl 
group having from 1 to 3 carbon atoms, fluorine, chlorine, trifluoro- 
10 methyl* an alkoxy group having 1 carbon atom, phenyl, -C0 2 R 8 wherein 
R 8 has the meaning defined hereinabove, or -CH 2 0R lg wherein R lg is 
hydrogen, a straight or branched alkyl group having from 1 to 6 carbon 
atoms, an alkanoyl group having 2 carbon atoms, or benzoyl; 

15 2. A compound of claim 1 wherein R x is a cycloalkyl group having from 
6 to 10 carbon atoms or the group 



wherein b, K and m have the meanings defined in claim 1. 
3* A compound of claim 2 wherein m is 0 to 2. 

25 4. A compound of claim 3 which is 

6, 9-deepoxy-6, 9- [(phenyl methyl )imino1-A 6 *a. prostaglandin I 
methyl ester; 



l x , methyl ester; 

6,9-deiepoxy-6,9-CCm-(methylthio)phenyl"|iminol-A 5,8 -prostaglandin 
l l9 sodium salt; 

6,9-[[4-(dimethyl ami no)phenyl limino"|-6,9-deepoxy-A 5,8 -prbsta- 
35 glandin I lf methyl ester; 

6,9-deepoxy-6,9-[(m-thioacetylphenyl )imi no*]-A 6 *a- prostaglandin 
Ix, methyl ester; 

2-decarboxy-2-hydroxymethyl-6,9-deepoxy-6,9-C3-(methylthio)-pheny 




30 



6 ,9-deepoxy-6 ,9-Cp-ethoxyphenyl ) imi no*]-A 5 » 8- pr0 stagl andi n I x 

methyl ester; 

6,9-deepoxy-6,9-C[m-(methylthio)phenyllimino"i-A6»8-prostaglandin 
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1 )-imi no-A 6 * 8 -Prostagl andi I 1 ; 

6,9-deepoxy-6,9-(3-methylthiophenyl imi no) -a 6 ' ^prostaglandin I r , 
monomethyl amide; 

9-deepoxy-6,9-[[m-methylthio)phenyl liminol-prostaglandin I x , N,N- 
5 dimethyl amide; or 

9-deepoxy-6 ,9-[[m-(methylthi o)phenyl limi no-prostagl andi n l l$ 
amide. 

5, A compound of claim 4 which is 

10 6, 9-deepoxy-6,9-[[m- (methyl thlo)phenyl limi no"|-A 6 * 8 -prostagl andi n 

I x , methyl ester; 

2-decarboxy-2-hydroxymethyl -6,9-deepoxy-6,9-[3-(methylthio)-pheny 
1 )-imino-A 6> ^Prostaglandin I x ; or 

6, 9-deepoxy-6,9-[(m-thioacetyl phenyl )imi no"l- A 6 * ^prostaglandin 
15 li> methyl ester. 

6. A compound of the formula 

a-X-Y-Z 
n -C-R 3 

25 

wherein Z is 

(a) -C0 2 R 8 wherein R a is a pharmaceutical ly acceptable metal 
cation, hydrogen, a straight or branched alkyl group having from 1 to 
6 carbon atoms, phenyl, phenyl substituted in any position with from 1 

30 to 3 substituents selected from chlorine or a straight or branched 
alkyl group having from 1 to 3 carbon atoms, or phenyl substituted in 
the para-position with -NHC0R 10 , -C0R X1 , -0C0R 12 , or -CH=NNHCONH 2 
wherein R 10 is methyl, phenyl, acetamidophenyl , benzamidophenyl , or 
amino; R u is methyl, methoxy, phenyl or amino; and R 12 is phenyl or 

35 acetamidophenyl ; 

(b) -C0NR 13 R lt+ wherein each of R 13 and R u is the same or 
different and is hydrogen, an alkyl group having from 1 to 6 carbon 
atoms, phenyl or benzyl; 
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(c) -CH 2 0R 5 wherein R 5 is hydrogen, a straight or branched alkyl 
group having from 1 to 6 carbon atoms, benzoyl, a straight or branched 
alkanoyl group haying from 2 to 5 carbon atoms, tetrahydropyranyl » 
t ri methyl s i lyl , tert-butyl dimethyl si lyl , or 




-CH, 



wherein K is a straight or branched alkyl group having from 1 to 6 
10 carbon atoms, fluorine, chlorine, bromine, trifluoromethyl » a straight 
or branched alkoxy group having from 1 to 4 carbon, atoms, phenyl, an 
alkanoyl group having from 2 to 5 carbon atoms, an aklanoylamido group 
having from 2 to 5 carbon atoms, nitro, or 

(i) -C0 Z R 8 wherein R 8 has the meaning defined hereinabove; 
15 (ii) -CH 2 0R ig , -0R lg , or -SR lg wherein R lg is hydrogen, a 

straight or branched alkyl group having from 1 to 6 carbon atoms, an 
alkanoyl group having from 2 to 5 carbon atoms, benzoyl, benzyl, 
trimethylsilyl , tert-butyl dimethylsi lyl or tetrahydropyranyl ; or 

(iii) -NR 20 R 2 i wherein each of R 20 and R 2l is the same or 
20 different and is hydrogen or an alkyl group having from 1 to 6 carbon 
atoms; and m is zero to 3 with the provisos that when K is phenyl, 
-C0 2 R 8 or -CH 2 0R lg , m is 1, and when K is -0R lg or -SR lg , m is 1 or 2; 
or 

25 

wherein Y is -CH 2 CH 2 -, cis- or trans-CK=CH-, or -CH 2 CF 2 ; 
wherein X is -(CH 2 ) n wherein n is 1 to 5; 



30 



wherein R x is hydrogen, a straight or branched alkyl group having from 
1 to 6 carbon atoms, a cycloalkyl group having from 3 to 7 carbon 
atoms, a bi cycloalkyl group having from 6 to 10' carbon atoms, or 



35 




wherein b is zero or 1, and each of K and m has the meaning defined 
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hereinabove; 

wherein A is -CH 2 CH 2 -, cis- or trans-CH=CH- or -C=C~; 

5 wherein R 2 is H,H; =0; a-R 4 ,3-0R$; or a-ORs^-R^ wherein Rt, is hydro- 
gen or an alky! group having from 1 to 4 carbon atoms, and R 5 has the 
meaning defined hereinabove; and 

wherein R 3 is cis-2-pentenyl , -C(R 6 ) (R 7 )-B-E or -C(R 6 ) (R 7 )C q H 2q CH 3 
10 wherein B is a bond, oxa, or an alkylene moiety having from 1 to 6 
carbon atoms; E is 



■or 



15 wherein each of K and m has the meaning defined hereinabove; q is 1 to 
4; and each of R 6 and R 7 is hydrogen, fluorine or an alkyl group 
having from 1 to 4 carbon atoms with the provisos that when R 6 is 
fluorine, R 7 is either hydrogen or fluorine, and when B is oxa, each 
of R & and R 7 is other than fluorine; and pharmaceutical^ acceptable 

20 salts thereof. 

7. A compound of claim X^ wh ^rein X is -CH 2 CH 2 - or -(CH 2 )^-; Y is 
-CH 2 CH 2 - or -CH 2 CF 2 ; Z is -C0 2 R 8 wherein R 8 is hydrogen, a 
pharmacologically acceptable metal cation, or methyl; R x 1s hydrogen, 
25 a straight or branched alkyl group having from 1 to 4 carbon atoms, 
cyclohexyl or 

-(CH 2 ) b -<£^ m 

30 wherein m is zero to 2; R 2 is 

a-Rit,&-0R 5 ; a-0R 5 ,g-R^; =0; or H,H wherein R 4 is hydrogen or methyl 
and R 5 is hydroxy; R 3 is (a) -C(R 8 ) (R 7 )C q H 2q -CH 3 wherein R s and R 7 are 
the same and are fluoro or methyl; (b) -C(R 6 ) (R 7 )-B-E wherein R 6 and 
R 7 are the same or different and are hydrogen or methyl and E is 
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wherein m Is zero to 2; or (c) cis-2-pentenyl. 

8. A compound of claim 6 or claim 7, wherein K is 
fluoro, chloro, trif luoromethyl, methoxy or ethoxy. 

9 . 6 , 9-Deepoxy-lO , ll-didehydro-ll-deoxy-6 , 9 [ (£- 

6 8 

nitrophenyl) imino]-A ' -prostaglandin 1^, methyl ester. 

10. A pharmaceutical composition comprising a compound 
as claimed in any preceding claim, in association with 
a physiologically acceptable excipient. 
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